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TO THE RIGHT HONOURABLE 

WALTER HUME LONG, MP., PRESIDENT OF THE 

LOCAL GOVERNMENT BOARD. 

Sin, 

The various considerations which the Board had in view 
in directing comprehensive inquiiy into moorland waters in 
respect of their ability to act upon lead were set out in my 
interim i'eiK>rt on ** Lead Poisoning referred to Public Water 
Supfilies derived from Moorland Soui*ces/* published in 1895.* 
1 then referred to the results of sundry intjuiries mrnle by 
the Board's Medical Department into prevalence of lead 
poisoning attributable to water supplies, and piirticularly to 
reports by the late Dr. Barry antl by the late Mr. T* W. 
Tiiompstm, appearing in the same volume, which showed that 
ftuch poisoning was known to have occurred at one or 
[lother time among a large popnhitiou inhabiting various 
sanitary areas in the north of Elngland, all of which are served 
by public water supplies of moorland origin. In investigating 
the causes which produced this dangerous property in a water 
supply, it had been found that much uncertainty existed with 
regard to the ctmditions which increased or diminL^hed the 
liability of a given moorland water to tict on lead pipes, and 
as tA) the factors goveJiaiDg the difference between soft moorland 
waters which are, and others which are not, capable of dis- 
solving lead* Moreover, as I had suggested as long ago as 
1887, when dealing with data obtained from Sheffield, tlie 
problem of the relationship between the cunditiona of a gathering 
p ground and the lead dissolving property of its water called for 
■^ asiderafcion of a number of biological as well as of chemical 
' questions, which it was necessaiy to study in order to arrive 
at an understanding of the means best suited in a given instance 
U) prevent the acquisition of lead-dissolving properties by a 
water. 

The inquiry finally decided upon, which it was foreseen 
wotild necessarily involve a protracted series of ol>servations, 
was entrusted to Dr. Houston. By 1894, when Dr Hom^ton 
hml been continuously engaged in this research for over two 
years, 1 was enabled from study of the data available to set 
out in my interim report a summary of the more important 
facts obtainedi and to state the chief inferences which it was 

• Tweoty-third Amiu»l Report of the Local Govcninyout Board.— 
ijiipplemeut oontaiiiing the report of tb© Medical UUieer, Appendix A, 
No. 1(S. 
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then apparent that the results of his inquiries warranted. At 
that stage, however, it was necessary to defer publication of 
the details of the various experiments ; it was desired that 
some should be repeated and extended, and, moreover, an 
imi>ortant portion of the task allotted to Dr. Houston, that 
of surveying moorland gathering grounds in Lancashire and 
Yorkshire, had hardly been begun. On completion of research 
in these additional directions, Dr. Houston, in intervals of other 
work for the Board on which he has been engaged, has classified 
and reviewed the very large mass of experimental data now 
available on the subject. Some of the principal conclusions 
which can be drawn from the completed research are stated 
by him at the end of this volume (pp. 221-224), and it will 
be seen that these entirely accord with provisional inferences 
which it was possible to put forward in 1895. 

The results of laboratory experiments made to determine the 
varying conditions under which a water may retain or lose its 
ability to dissolve lead have been printed in the form of tables 
which, for convenience, will be published in a separate volume. 
The latter will likewise contain records of experiments with 
bacteria derived from peat, and will also deal with "erosive 
ability," a quality of acting upon lead possessed by certain 
waters which is quite distinct from " plumbo-solvency,' or 
ability to dissolve lead. Erosion of lead may be roughly 
compared to the rusting of iron ; when lead is exposed bo water 
possessing this property its surface disintegrates, and scales of 
lead, in relatively insoluble form, are separated, leaving a new 
surface ready for further erosion. This is manifested chiefly 
in the case of bright lead, and, unlike ** plumbo-solvency," the 
degree in which it is possessed by a water bears no definite 
relation to the acidity of that water. 

It is, however, the power to dissolve the lead of water pipes 
(whether new or old) which renders a moorland water a 
potential source of danger to the consumer. Though erosive 
ablity is a factor not to be neglected, it is relatively of much 
less importance. The present volume deals almost wholly with 
questions of plumbo solvency.* Its first part contains records of 
the sustained observations, made at the moorland gathering 
area selected at Bummoor, of the condition of typical pools 
and springs, and of mixed water in streams and reservoirs, in 
regard to chemical composition and ability to dissolve lead. 
These records establish on a broad basis of observation that the 
factor essential to the possession by a water of plumbo-solvent 
properties is acidity, and that the degree of acidity and of 
corresponding plumbo-solvent ability is determined by the 
presence of peat on the gathering area and by the conditions 
under which the drainage of the peat gains access to the 
supply. This conclusion is not invalidated by observations 

• It is convenient to retain this term as si^nifyins ability of a water to 
diBSolve lead, though such oompoond wora may be without sufficient 
warrant, orthographioal or other. 
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which seem to show that the ratio between the degree of 
acidity cmd the degree of plumbo -solvent ability is not 
necessarily the same for all peaty waters, and that, within 
limits, particular waters may have, as it were, their own 
standards in this respect* 

Other important Bnrnmoor records are those which show that 
certain spring waters may habitually possess power to neutralise 
the acid of peaty water. So that, given favourable counter- 
balancing conditions such as were maintained at Bummoor 
during the pedod of observation, a water of mixed origin, which 
continuously receives a notable proportion of acid and plumbo* 
solvent water, may nevertheless itself remain without action 
upon lead. 

The second part records the results obtained when the 
experience of Burumoor was applied to the moorland gathering 
grounds of 23 waterworks in Lanc^ashire and Yorkshire, most of 
which are large sources of supply under the control of the 
COuncOa of important boroughs or urban districts. The ofaeerva- 
tions recorded by Dr. Houston as a result of his visits to these 
sevcrul gathering areas deserve careful consideration from those 
responsible for the purity of the supply derived from these areasi 
Although Dr. Houston's data regarding these waterworks were 
obtaiued a few years back, there is reason to believe that as 
regards at least some of them the conditions at present obtaining 
ai-e not materially different from those which he describes. In 

E articular instances where the supply of the waterworks has 
itely been supplemented from other sources, the gathering 
areas visited by I)r. Houston continue to contribute to the water 
service. On the other hand at other waterworks extra precau- 
tions against lead poisoning have been adopted since Dn 
Houston's visit, and occasionally (as in the case of the Bolton 
supply) such precautions have been taken at the instance of the 
Board as a result of knowledge obtained from Dr. Houston's 
inquiry. 

At the date of Dr. Houston's survey, out of 58 reservoirs 
serving these various gathering grounds, no less than 35 
contained acid water possessing in greater or less degree plumbo- 
solvent properties. In many the sources of addity could be 
traced to peaty strefuns or feeders, a list of which is given 
on p. 215, which either habitually contribute add water, or 
which are liable in time of flood to bring into the supply a 
considei'able volume of water posseesiDg decided action upon 
lead 

Dr. Houston describes in each instance the after history of 
the acid water from these reservoirs. In some cases its acidity 
and plumbo-solvent ability is lost by being mingled with a large 
volume of neutral or acid-neutralising water derived from other 
sources. In other instances the process of filtration through 
sand, with or without the provision of special means of 
neutralising the water, serves to deprive it of its plumbo solvent 
properties. Elsewhere, again, the practice of neutralisation 
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with lime or wbiting is regarded as essential, and is adopted 
as matter of routine. It is fortunately the fact that in one 
or other of these ways the water supplies in question are 
habitually deprived of ability to act upon lead. But authorities 
of waterworks supplied from moorland sources would do well 
to bear in mind continually the potential risks of a supply 
consisting wholly or partly of water possessing plumbo-solvent 
properties. Prevalence of lead poisoning attributable to water 
supplies has, happily, much diminished of late, but there is 
danger of this very circumstance leading to neglect of adequate 
precaution in future. Moreover, it is important to remember 
that if, owing to temporary omission of precaution, a water 
supply becomes possessed ol* plumbo-solvent properties for only 
a brief period, or if, again, a water habitually exercises only a 
slight solvent action upon lead, it is likely that the number of 
cases of lead poisoning occurring at a given time will be small, 
and that few will come under the notice of any one medical 
observer. It is easy to understand that in such instances mischief 
may be caused unknown to the responsible authorities, or that, 
even if mischief is suspected, the matter may receive insufficient 
attention through failui*e to realise that in such circumstances 
the evidence that the poisoning is attributable^ to the water 
must of necessity be incomplete. 

Properly considered, there is no difficulty whatever in safe- 
guarding a population supplied wholly or partly from moorland 
sources from risk of receiving water capable of dissolving lead. 
It is essential, as Dr. Houston shows, to ascertain in the first 
instance on each source of supply what are the conditions which 
afford opportunity of introduction of acid water into the service. 
It is undesirable to rely wholly on any system of neutralising a 
water, however well such a system may be designed to guard 
against accident or negligenca The question which should first 
be asked is whether specially acid water can be altogether 
excluded from the supply — for example, by eliminating the 
drainage of special peaty areas, or by providing " leaping weirs," 
oontiivances which ensure that the first washings from the 
peat after a period of drought are automaticidly rejected. 
It is probable that if action in this sense were taken, the watei-s 
of many storage reservoirs would lose the acid and plumbo- 
solvent properties by which they are at present characterised. 
Given a water supply habitually acid, or liable to become acid, the 
pi'ocess of neutralisation may be effected in various ways which 
Dr. Houston points out. He indicates that perhaps the most 
satisfactory method is ordinary sand filtration with the addition 
of Botne neutralising material (e.g,, a thin coating of lime on the 
surface of the sand with limestone underneath the sand) to the 
filter, and the subsequent addition of a trace of sodium carbonate 
to the neutral filtered water. 

Whatever method or methods of precaution be adopted, 
however, it is of first importance that their efficacy should be 
frequently ascertained by suitable observations on the gathering 



areas, at the reservoirs, and at the filters, so as to ensure that 
the precautions afford adequate safeguard not merely against 
average or normal conditions, but also against those which are 
exceptional Examination from time to time in respect of action 
on lead of samples of water as delivered to the consumer is also 
valuable, though this proceeding should be regarded merely as a 
final check on the system of control. It is necessary to remember 
in this connection that the same waterworks authority may, 
habitually or occasionally, supply waters of different origin to 
different parts of the area which it serves, and that in conse- 
quence it is important that samples intended to represent water 
as supplied to the consumer should be chosen with full know- 
ledge of the system of storage and distribution adopted by the 
waterworka 

The tests for acidity and for plumbo-solvency which Dr. 
Houston describes on p. 67 were adopted by him after 
numerous comparative experiments, and should prove useful in 
making determinations of the kind here in question. 

I have the honour to be, 
Sir, 
- Your obedient servant, 
W. H. POWER. 
September, 1902. 



PART I. 

DIFFERENTIAL EXAMINATION, AT WEEKLY 
INTERVALS AND OVER A PROLONGED 
PERIOD, OF WATERS OF DIVERSE SORT 
FROM ONE AND THE SAME MOORLAND 
GATHERING GROUND. 



K 88578. 



Bent ham Waterworks. 

The red colouring signifies th&t the water had an acid and the bhie 
colouring a neutral reaction on May 31st, 1805. 

On May 31st Bentham Peat and Moss Pools contained hardly any 
water. It is to be noted that the neutral spring water percolated 
through the peat at +> and issued again as an acid water which gradually 
became neutralised in its* passage down the rocky and sandy bed of 
Bright Sike stream. \\. the acid water from a |^eat drain asrain 
clianged I he reaction of the stream water for a short distance. From 
this point onward to the reservoir all the water was neutral with the 
exception of the water from two peat feeders to Bright Sike. The aoid 
water from these feeders was, however, not sufficient in amount to alter 
the neutral reaction of the stream water. The Bentham Meteorological 
data were obtained from the point marked O- 

Scale, 6-in. to i mile. 
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Part I, — Diflferential examination, at weekly 
intervals and over a prolonged period, of waters 
of diverse sort from one and the same moorland 
gathering ground. 



The object of this branch of the inquiry was set out by Mr, Power in 
the memorandum which appeal's in the Report of the Medical Officer of 
the Board for the yeara 1893-4, and may here be re-stated. It deals 
with the results of iuhraitting severally to frequt- nt comparative tet^t^ 
waters which, when combined together at a distance from their common 
moorland gathering ground, constitute a public water supply. And 
thid with a view to determiue — 

(a) what are the sea«ODal modifications of each of such contributory 
waters; 

(If) in what wny and to what degree they differ at one and another 
time from each other as regards tlit;ir constituents ; 

(c) how lar tliversity of their ability to dissolve lead is associated with 
tieason of the jear, and is at the same time parallel to observed 
differences in their chemical and bacterial characters. 

A gathering ground of the sort desired was selected at Burnmoor, in 
Pllte neighboui'hnod of Settle, jd the West Riding of Yorkshire. There 
WRff a special advantage in selecting a gathcrin;^ ground in the West 
Riding, liecause this portion of the North of England had for long beerj 
jWBOciated wilh a special incidence of le.otl poisunlng due to moorland 
water supply. On this point the report by the late Di\ Barry to the 
Boifcrd* may be i^uoted : — 

**WrST RiDlXG OF YORKSHIKE. 

** Population obhvining by public service, in the main from moorlnod 
sources, wnter noljllteredhei'ore delivery to consumers, 1,114,077, 

" Population obtaining unjUtered moorland water to which multiple 
' cases of lea<l poisoning had in recent years been referred, 677,141," 

The selecled gathering ground comprissd a moorland tract (in every 
way typical of those ItirgiT jueiis lormiiig Yoi'kshire gathering grounds) 
from whidi water passing over or through the pear, and water 
also i.*suing from springs, converged to a particuLir stream, which in 
turn supplied a refiervoir whence was derived the water supply of 
Benthnm village. 

Previous to 1891 this water supply had been credited with th<^ po«- 
.session from time to time of an extreme degree of acidity, and it was 
lUao believed to act ou occasion vigorously on lead. As a matter of fact, 



* Eeeonli of water supplier In fhe §ai)itarjr di«trtcts of Yorkshire, collected as 
Lianodootorj to an investit^atina hj the Medical Departmeuti of th« local cooditious 
[ Aft«tiog the tolubility uf lead by wat«r, bj Dr Barrjr^ 



dmiog the period of investigation by the experts of the Board, the 
of the various waters constituting the water supply showed little or no 
^'vidence of podsesaing snch injurious properties. ^Nevertheless, certain of 
the contributory waters were found to be possessed, habitually and in 
conspicuous degree, of acidity and plnmbo-solvent ability, while other 
contributory waters were found to be either neutral or even alkaline (in 
the sense of being able to correct acidity), and these had no power of 
dissolving lead. At Bentham, as elsewhexe, the quality of the water 
supply at any given time must be governed by the inter-reaction of 
theae diflfering contributory waters, and their relative amounts. And 
although the sum of the waters at Bentham proved to have no marked 
lead-dissolving properties during the period under observation, it can 
readily be understood that this supply is an example of those in which, 
owing to change in the relative amounts and quality of the constituent 
waters, a temporary ac(iuisition of lead-dissolving property by the whole 
water service would be apt to occur. 

On the Bummoor gathering ground, it was found that the con- 
tributory waters of which I have spoken were of two kinds, and 
this observation has since been amply confirmed on diverse moorland 
^thering grounds : — 

(a.) Acid, peaty wuter, possessed of plumbo-solvent ability ; 

(6.) Neutral, and often alkaline (in the sense of being able to correct 
acidity), spring water, devoid of plumbo-solvent ability. 

As has been indicated above, the ultimate quality as regards acidity 
and plumbo-solvent ability of a moorland water supply depends on the 
inter-reaction of these typical contributory waters (a) and (6) ; on the 
bulk and degree of acidity of the peaty waters (a), and the bulk and 
degree of the acid neutralizing ability of the spring waters (b). 

This lias been repeatedly proved in practice by observation of a 
moorland stream fcid by waters of the characters of (a) and (b) during 
dry weather, when the neutral or alkaline spring water (b) was relatively 
at a maximum, and (a) at a minimum ; and again during floods, when 
the peaty acid water (a) was relatively at a maximum, and spring water 
(b) at a minimum. Under the flrst set of conditions the moorland 
stream tends to be neutral and free from action on lemi, and under the 
latter set of conditions tends to be acid and possessed of plumbo- 
solvent nbility. And it is easy, under laboratory conditions of experi- 
ment, to show how much of a particular water of the character (6) is 
needed to correct the acidity aud plumbo-solvent ability of a water of 
character (a). 

With a view to subjecting waters of this type to detailed scrutiny, 
aud to deteimiue the factors whicii govern the acquisition of plumbo- 
solvency, the following watei'supon the Burnmoor (Bentham) gathering 
ground were <;hosen for examination : — 

(a.) The waters of certain springs representing rain which, falling 
on the gathering ground, had escaped prolonged contact with 
the peat soil, and had been chemically modified in passage 
through or between strata underlying the peat. As repre- 
sentative of (a) class of waters, two springs were selected, 
re8pe:tively termed in this report/ — 

Bentham (Bummoor) Spring No. 1 
ti «f «« ft ^ 
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In the ooiirse of the jovestig&tioti it wb^ ascerttimed that 
Spring No. I (and in lessor degree Spriag No. 2) was suhjeet 
to occafiional contamination with surface peaty water. 

'(6.) The waters of certain pools representing rain water that ha^ 
remained in sustained contact with peat or moss and with 
living or dead vegetable organic matter. As tvptca! of (h) clasa 
of waters, two watei"S were chosen, namely — 

Bentham (Bnrnmoor) Peat Pool 
„ „ Mobs 1*oo1 

(c.) The water of the stream descending towards the service reservoir:*, 
and which rcpreaented mixture, diffenug in proportion from 
time to time, of waters of the class (a) and (/*), As typical 
of the (c) class of water, a stream was selected, namely, 

Bentham (Burnmoor) Bright Syke Stream. 

The first survey of this gatheriog grouud was made iq 1891, At 
subsequent dates a furttier inspection had heen made ia order to verify 
the factjs previously record^^d^ to obtain further data^and to prepare the 
map of the guthpring area which faccE p. 1. 

In order lo obtain conciirreot data of the physical conditions prevail- 
ing during the inquiry, meteorological instrnments were established on 
the gathering ground. 

The burden of fitting out the laboratory at Settle in which these 
experiments were conducted, and of arranging for ihe collection of 
samples, controlling and supervising the work, besides personally carry- 
ing out much vflliiiiblc laboratory work, was largely borne by ihe laie 
Dr. Bany, who in turn was fortunate in jy^curing the active assistance 
of Dr. Atkinson, Medical Officer of Health for Ihe combined Craven 
districts and also of Mrs, Atkinson* 

Samples of the selected waters were collected at regular intervals over 
ft long period. 

The following is a description of the chemical determinations made in 
their investigation : — 

(a,) Appearance in 2-foot Tube. — The experiments with the 2-foot 
tube were carried out in the usual way, and the observations 
as lo colour, turbidity, and residue afforded a rough indication 
of the quality of the water rs regards the presence of suspended 
and disdolved vegetable matter 

(6.) Bead ion triih Atrohofic Solutions of Co^htneai, Methyl Orange^ 
and Lacmoid, — These qualitative observations of the reaction 
of the waters? with different and delieaie indicators were 
regarded as important i ihe reaivtion of soft moorland waters 
being not fully unJei-^itoLHl, there was a presumption io favour 
of one indicator succeeding where anotlier failed, in demons- 
tratitig the pre&ence of acidity, cr, it might be, of alkalinity. 

(c.) Residue on Evaporation. — The estimation of the total solids was 
carnt-'d out in the usual manner ; and it was considered not 
unimportant to discover the loss on ignition, as bearing on the 
different behaviour of vegetable organic matter and mineral 
matter, when subjected lo lieat* 

(rf.) Ammonia {free and albuminoid). — ^Thc ammonia was estimate*! 
by Wanklyn*§ process. Of each sample an amount was 
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distilled sufficient to allow of foar lots (each of 50 c.c.) being: 
successively collected and separatelj Nesslerised before^ and of 
other four lots (each of 50 c.c.) being similarly dealt with 
after y the addition of the alkaline permanganate solation. The 
reason was that experience showed that in many cases, where 
moorland water was in question, the ammonia was only slowly 
given off, so that the last 60 c.c. collected contained an ap- 
preciable quantity of ammonia. A consideiable number of 
experiments were also carried out to determine the proportion 
of ammonia attributable to suspended matter (<* suspended 
ammonia ") in the several waters examined, 
(e.) Oxidised Nitrogen, — The nitrites were determined qualitatively^ 
by Griess's napthylamine process ; and the nitrates quantita- 
tively by the copper-zinc couple process. 

The determination of the nitrates, and the presence or 
absence of nitrites, was of importance, as it has been held that 
the action on lead of waters largely depends on the state of 
combination of nitrogen with oxygen contained in the water. 

( f.) Oxygen required to Oxidize the Organic Matter. — The oxygeo 
required to oxidize tlie organic matter was determined by the 
Tidy process as modified by Blair, the water being kept for 
two hours at a temperature of 100° C. The standard solutions 
were sodium thiosulphate and potassium permanganate. 

(g.) Chlorine. — The chlorine was estimated in the usual way, with a 
standard solution of silver nitrate, and a solution of potassium 
cbromate as indicator. 

(A.) Hardness, — Clarke's soap test was used to determine the 
hardness. 

The importance of keeping a record of the hardness of the 
waters needs do comment, since many investigators assert that 
it is especially soft waters which act on lead ; that hard waters 
hardly ever possess this ability. 

(f .) Dissolved Oxygen, — Thrcsh's process was used to estimate the 
amount of the dissolved oxygen. The precaution was taken 
of always having the samples bottles filled completely full of 
water, and of using — as soon after the collection as possible 
— the first portion of water taken from the bottle for analysis, 
for the determination of the dissolved oxygen. 

(/.) Iron. — The presence of iron was always tested for, as a suspicion 
existed that iron might in some way or other be a factor in 
giving a water plumbo-solvent ability. 

{h.) Acidity. — Whenever a water was found to give an acid reaction 
with methyl orange, cochineal, or lacmoid, the amount of the 
acidity was determined by titrating a known quantity of the 
water witli a decinormal solution of sodic carbonate. Plienol- 
phthalein was used as an indicator, and although open to some 
objections, it was found that by its use comparable results were 
obtained. The acidity was estimated quantitatively, with the 
object of seeing whether the plumbo-solvent ability of a par- 
ticular water, from time to time, or of one water as compared 
with another water, varied directly with the amount of the 
acidity. 

(1.) PlumbO' solvency. — A determination of the plumbo-solvent pro- 
perties of the various waters was considered essential ; but the difficulty 



4Ut>8e that of all the methods in use when this inquirj commenced, none 
^vo comparable msolts. To L>r. Whitel^ge is due the credit of 
suggesting the filtration of the water through lead shot. It wts found, 
however, that ordinary lead shot did not react verj sensibly to the 
influence of acid waters ; shot, therefore, was spedidly prepared, free 
from arsenic and the other impurities which give to ordinary lead shot 
its necessary quality of hardness. 

The process was carried out in the following way : — 

Fifty c.c. (by volum«^) of washed lead shot were placed in a burette, 
occupying 18 inches of its length, and the sample water allowed to 
filter slowly downwards through the lead. The water was collected in 
success! ^'e lots of 50 c.c. and tested with sulphuretted hydrogen or 
iunmonium sulphide for the presence of lead. The amount of lead was 
•estimated by colour-titration, the standard solution of lead acetate being 
of such a strength that 1 c.c. was equivalent to 1 mgrm. of lead. 

The experiments were carried out in a comparative manner, and the 
.precaution was taken of using fresh shot for each determination, the 
•old shot being thrown aside, lesi its use should introduce a possible 
source of error. 

A note was taken of the temperature of the water during the course 
of the experiment. 

Taking now the several waters seriatim^ the detailed results obtained 
vriW 6rst be stated in the five following tables I. to V. : — 
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- 
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3* 
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>H 
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4-fi 
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o 

J 
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Ffw. 


Albu' 
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3. 


4. 


fi. 


e. 


7. 


8. 


&. 
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IL 
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m 
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-, 


^ 


— 


Add 
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^ 


_ 


— 


— 
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— 


- 
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- 


■1 


*. 


- 


" 
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- 


0'00I3 
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- 


- 
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- 




- 


it 
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- 
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an 
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0*0013 


O-ftMiiJ 


- 


- 
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- 


- 


- 


*. 


*. 
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WO 
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ro 
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CI*01S9. 
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- 


- 


" 


4* 


'* 


« 


fl'O 


4 ff 
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O'OIW 
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O*0S4i 


m^ 
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- 


,, 


,. 
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f'O 
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O'Odo 


n 
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m 
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*. 


" 
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0-S 


3*5 
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0*1000 


0*0148 


m 
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.w 
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* 


» 


*» 


0*0 


O'O 


3-0 


O'OIDO 


0*0510 


o*oo0a 


Jati. 4 
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Miirih 


Peaty 


m^t 


Nei*t. 


SeuL 


ti-6 


6^fi 


»'0 


irOonfi 


0*8744 1 O'OlOO 


* 


„ 11 


Amber 


61%lit 


i» 


Acid 


Aeid 


- 


14*9 


m 
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\ 
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■ 
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- 


- 


— 


— 


— 
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— 
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— 
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of ex. * 3Ca«C0^ Asaoonc !/ Liafei ; 
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2iL SL 22. 2X 
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I 
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I- -I -l-i I'i 

I--* 4-^ 4ni 
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D 

C. 
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1-00 
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I 
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8*20 
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* 
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r» 
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l-?l 
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I-» 


» 


i-» 
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i^ 
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r^ 
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m 
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Z4 


l-» 
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i 
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1-88 
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n 
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4-« 
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* 
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Table IV. 



Date Of 
Collec- 


Appearance. 


Il«ctionwith ' ^ZZ. 


Ammonia. 


Ozidiied 


tion 
and of 
Exami- 
nation. 


Colour. 


Turbl- 
dtt/. 


Residue. 


j 


if 


S 


il 


1 


i 


AiKV 
tritn. 


1-t. 


S. 


4. 


6. 


6. 1 7. 


R. 1 9. 


10. 


11. 


12. 18. 1 14. 


15. 


1882. 
Jan.SS 


Amber 


Slight 


Slixht 


Acid Acid 


Acid 


6-0 


6-0 


10 


0-0040 


0-0240 


0-0082 


Trace 


Feb. 1 


•» 


Much 


Peaty 


M 


»» 


n 


90 


7-5 


1-6 


00042 


00360 


0000 


Nd 


» 8 


w 


Clear 


Slight 




»» 


M 


70 


6-0 


ro 


0-0065 


00290 


0-0539 


Trace! 


M 16 


•» 


Ha«7 


Muddy 


M 


** 


.. 


60 


5-0 


10 


00075 1 0-0590 


0-0559 


Nil 1 


.. n 


Stmw 


■» 


Slight 


Xeut. 


Neut. 


Neut. 


11*6 1 8-6 


30 


1 
00440 0-0980 


0-06S8 


•• 


n 29 


Amber 


Much 


Peaty 


i 

»» M 


M 


11 


7-0 


40 


OOllG 0-0324 ' 00181 




Mar. 7 


- 


- 


- 


1 


- 


- 


- 


- 


i j 


- ' 


m 14 


- 


- 


- 




- 




- 


- 




- .■ 


n 11 


- 


- 


- 


i 






- 


__ 


- 


- i - 


- 


H 28 


- 


- 




i 


- 


- 


- 


- . 


- 


i _^ 

1 


^ 1 


Apr. 4 


- 


- 


- 




- 


- 


- 


- 


- 


! 
! 


"" 


.. 11 


- 


- 






- 1 - 


- 


- 


- 




- 


M 18 


- 


. - 


- 










- i - : " 


' 


« 23 


- 


■ - 


- 


i 


- - 


- 


- 


- 


~ - 


- 


Maj 2 

,* 9 
.. 16 


Amber 


Cloudy 


Peaty 


Acid 


Acid 


Acid 16-5 


10-6 


6-0 


o-oot^ 


0-2332 


0-0169 


NU 


— 


; - 


— 


— 


- 


1 


- 


— 




- 


- 


.- 


n 23 


Yellow 


; Cloudy 
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Acid jAcid 


Acid j 110 


.0 
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1 
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NU 
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Straw 


N 


»• 
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Neut. - 
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- 
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Hazy 


M 
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: 
60 40 

1 


xo 
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m 


M 18 


*. 


H 


m 


1 
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7-0 


10 
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0-0818 


0*0098 


' 
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$* 
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Muddy 


1 
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10 


0-0032 


0-0776 
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$* 
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90 


10 
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0-0700 
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m 
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»• 
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" 


I 
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1 
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CO 


40 


•0 
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m 
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Table IV.- 


Date of 
CoUec. 


Appearanoe. 


B««ction with 

1 ,-.&' 1 

ijll;! 

rt ' 7. 8. 


Residue on a «..«««»- 
Evaporation. Ammonia. 


Ozi4iaed 

Mitrogen. 


tion 
and of 
Exami- 
nation. 

1-2. 


Colour. 
3. 


Turbi- 
dity. 

4. 


Residue. 
5. 


ft. 


10. 


•o Free. 

£ i 

11. 1 12 


Albu. 
minoid. 

IS. 


1 

14. 1 15. 1 



1SII2 
JiHylS 



.\JISC. 1 

.. 8 
„ 15 
„ 22 
„ 2J> 

Sopt. 5 
.. 12 
,. ID 
» 2tJ 

Oct. 3 
». 10 
H 17 
« 2i 
.. 81 

Nov. 7 
« 14 
.. SI 
- 28 

Dec. 6 
.. 12 
,. W 

M a« 

189?. 
Jan. '2 



Amber 



.^mber 



Sherry 
.\mber 

(• 
Sherry 
Amber 



Straw 



Amber 



Hazy 



Clear 



Hazy 
Clear 
Hazy 

Cloar 

Hazy 
Clear 
Hazy 
Clear 
Hazy 
Clear 
Hazy 



Cloudy 



I ' 

Slight , .Void Acid Acid , lO'O 



I i 

Nil Acid j Acid 

I I 

" i " i " 



Slight 

Nil 
Slight 

Nil 
Slight 

NU 
Slight 

Nil 
None 

Slight 



Acid , 10 



.. ! SO 



9-0 



90 



2-5 



40 , 3-5 



10 . 00032 



i ! 

0-0918 00551 ; NU 



6 U 
90 


8-6 


40 


8-5 


4-0 


8-6 


8-0 


7-3 


60 


4-5 


2-5 


20 


6-0 


4-5 


B-5 


60 


40 


3-5 


3-6 


SO 


6-6 


6-0 


6-0 


4-6 


60 


4-6 


70 


6-9 







1*0 , 0*0028 I 0*0866 ^ 0*0350 

! ! 1 

0-5 0*0030 ' 00230 ' 0*0148 

I I I 

0*5 1 00020 00424 , 0*006S 

I i 

! t I 

01 ; 0*0008 I 0*0510 ■ 0*0187 

0*5 0*(H)28 ' 0*065.1 0*0271 

' I i 

0-5 , 0*0«>31 I 0*0390 0*0107 

I I I 

0*5 , 0*0020 0'042<> i 0*0057 

I i I 

06 0U032 , 00472 0*0189 

i ! I 

0*6 ' 0*ri032 O'OCGO I 0*0461 



0-6 



0*0031 0-0318 



0*0189 



0-5 0-0020 0-05GO , 0-0197 

i i 

0-5 I 0*0016 , 00278 

j ! 

0*6 0*0032 00310 



I ■ 

0*5 1 0*0010 I 0*0206 



0*5 
0*6 
0*5 
0-1 



0-0022 , 0296 



OOOIO 
0*0080 
0-0028 



00268 
0226 



0*0288 

0*00741 

0*00494 

0'08129 

0*0000 

0*00164 



0-lWO : 0- 03511 



Nil 



Atnoe 

KOM 

am 



ontinuetL 



Oxygon 

absorbed 

from I 

Perman- 1 

Sanato at 

100»C. I 





Hardness. 




1 

! 


Chlo- 
rine. 


ToUI. 


Fixed. 


DiaaolTed 
Oxygen. 


Iron. 


17. 


1 
18. ! 19. 1 20. 


21. 



23 



Acidity or Alka- 
linity in Terms 
ofc.c. '^NatCO, 

or c.c. -*? H»SO« 

10 

required to 

neutralise 100 c.c. 

of the Water.* 

22. 



Plumbo-solvency as shown by 

Amount of Lead taken up in 

Samples. 



B. 

24. 



C. 



27. 



Tempera- 
ture of 
Water 
durinij^ 
Expen- 
mcnta 
recorded 
in Cola. 
28-27. 



1*3841 I'lO 5*33 



1-7222 


, 0-95 


I (1648 


0-80 


1-8224 


1-05 


1-7072 


1 

0-90 


3-8658 


110 


2*0314 


0-95 


2-3918 


0*95 


2-9004 


115 


1-4740 


1-00 


2-3714 


0-90 


1-350G 


0-85 


0-8564 


0-86 


1-2U4 


0-80 


O'MM 


0-92£ 


I'OttS 


0*90 


I'OiOO 


0-96 


11488 


0-80 


1-5880 


1-30 



5-19 



I 



217 

I 

I 2-80 

I 

j 3*22 

I 3*36 



I 



2-10 

1 54 

2-80 

2*10 

210 

3*64 

210 

3*9 

»*S 

3*5 

3*3 

2*3 

6*4 



1*54 

4*21 
1*61 
1*08 
1-40 
2'84 
2*10 
1-54 
2*80 



0*8734 

1-0676 
1*1788 
1-1743 
0*9514 
0*8901 
10787 
1-3404 
1*4179 



210 ! 10884 
2*10 1*3016 



3*64 

2*10 

3*9 

6*5 

2*8 

3*3 

2-3 

6*4 



12699 

1*2018 

1*283 

1*099 

1*086 

1*868 

1*288 

1*089 



Tra£C 

Present 

Nil 
Trace 



NU 

n 

Trace 

NU 

Trace 

M 

Traces 
Trace 



Abun- 
dadt. 



+0-2 

+ 1*35 

+0*7 

+0-8 

+1-1 

+ 1*4 

+0-8 

+0*6 

+ 1*25 

+0-7 

+0-7 

+1*5 

+0*8 

+0*86 

+0-8 

+0*65 

+0*46 

+0*45 

+8*4 



m 1 m i'< 



1*20 
1*40 
1*30 
1-80 
2-20 
1*40 
0*80 
2*40 
1-20 
1-30 
2*00 
1-80 
1*80 
1*80 
1*60 
O'OO 
1*00 
1*40 



I 3( 'go 

1*00 m 

1-30 j 1*30 

I 

1-80 I 1-80 
2-20 I 2*20 



1-40 
0*80 
2*40 



1-40 
0-80 
2*40 

"liO 1*20 
U<> 1*30 

*m 2-40 

1-80 vm 

1*80 1^0 

1*60 1 m 

0*90 0-00 
1*00 1*00 
1-40 1*40 



1 20 1*20 

vm 1-60 

3*i 1-30 

I'fiO 1*80 

S'34 ao 

40 *40 

2*40 2-40 

1'20 'B 

2 'SO 2*81) 

*gf> 1*80 

80 I 90 

*fiO 1 90 

fl^ao o'9o 

\m *o& 

1-40 1*40 



'C. 



1*60 17 



17 
IS 
18 
16 
17 
14 
13 
11 

8 
13 
14 
17 

» 
10 

9 

11 : 
14 

4 



* The t6%n + signiflef pocitive acidity, and the mt^ — negative acidity or alkalinity. 
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Table IV. 



Date of 
Collec- 


Appearance. 


Reaction with 


b'SSsss. »-"»"- 


OxidiMd 
Nitrogen. 


tion 
and of 
Ezjimi- 
DAtion. 

1-2. 


Coloui*. 
3. 


Turbi- 
dity. 

4. 


Residue. 
5. 


1 
1 

6 


14 
II 

7. 


3 

1 

8. 


1 

ft. 


1-6 

10. 


-a Free. 

s 1 

11. . 12 


Albu- 
mtnoid. 

18. 


i 

14. 15. 



1S»2. 
July 18 



Aujc. 1 
., 8 
u 15 
» 22 
. 29 

Sept. 5 
„ 12 
„ la 

,. 2tJ 
Oct. 3 
« 10 
« 17 
» W 
„ 81 
Nov. 7 
., 14 
.. «1 

n 28 

Dec. 5 ; 
.. IS 

» 19 



Amber 



Amber 



Sherry 
Amber 

Sherry 
Amber 



Straw 



86 Amber 



1899. 
Jan.' 2 ; 



Hazy 



Clear 



Hazy 
Clear 
Ha3^ 

Clear 

Hazy 
Clear 
Hazy 
Clear 
Hazy 
Clear 
Hazy 



Cloudy 



Slight I Acid 



Nil 



Slight 
Nil 

Slight 
Nil 

Slight 

NU 
Slight 

Nil 
None 

Slight 



Acid 



Acid 



Acid 



Acid 



10-0 



Acid 



100 
SO 
4-0 
60 
90 
4*0 
4-0 
8-0 
60 
2-6 
6-0 
5' a 
40 
S'5 
6-6 
60 
6-0 
70 



90 



90 
2-6 
35 
4*9 
8-5 
8-5 
3-6 
7-5 
4-5 
20 
4-5 
50 
3-5 
80 
5-0 
4*6 
4-5 
«*9 



I - ! 



10 



10 
0-5 
0-5 
0-1 



0*0032 



0-0918 00551 NU 



00028 ; 00866 

I i 

0-0030 I 00230 

0*0020 i 00424 

I 
0-0008 i 0*0510 



0*6 0*0028 : 0-0C54 



0-5 
0-5 
0*5 
0-5 
0-5 
0-6 
0-5 
0-5 



0-0034 0-0390 
0*0020 I 0*0420 
00032 I 0-0472 
0*0032 0-OCCO 
0*0034 , 0*0318 

I 

0*0020 : 0*05G0 
0*0016 ; 00278 
0*0032 I 00310 



0*5 i 00010 I 0*0206 



0*5 
0*5 
0*5 
0*1 



0*0022 : 00296 



0*0010 
0*0080 
0*0028 



00268 
0*0226 
0*1460 



0*0350 

0*0148 

0*0065 

0*0187 

0*0271 

0*0107 

00057 

0*0189 

0*0461 

0*0189 

0*0197 

0*0288 

0*00741 

0*004M 

0*0S129 

0*0000 

0*00184 

0*08541 



Nil 



AtnM 
NO 
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'•oniinued. 



Oxyjren 

abadrDed 

from 

Perman- 
eaaateat 



Chlo- 
line. 

17. 


Hftrdness. 


Dissolved 
Oxygen. 

20. 


Iron. 
21. 


ToUl. 
18. 


Fixed. 
19. 



Acidit;^' of AIJoi' 
linity iu Tmnns 

ofc.c.^'*^HinCO, 

or c.<i. "? HjaOi 

required to 

neutrally IW t,c. 

oi tho Witer** 



Iluuibo-seivertcj mm ahovm bj 
Amouai ot Ijcad taikou ap in 



14 



Tsmpei*- 
tureof 
Waiiv 
diur^iLi; 
Eipi*rl- 

in Uoli^ 



1'38M ' I'lO 



1-7222 
1-664S 
1*8224 
1-7W2 
3-8658 
2'6S14 
2*5918 
2'90M 
1*4740 
2*3714 
1*3606 
0*8564 
1'2S54 
0*8408 
10828 
lOiOO 
1*1488 
1*5820 



0*»5 

0-80 

1*05 

0*90 

110 

0-05 

0'U5 

115 

1*00 

0*90 

0*85 

0*85 

0-80 

0*925 

0*90 

0*96 

0*80 

1*30 



5*33 

5*19 

2*17 

2-80 

3*22 

8*36 

210 

1 54 

2-80 

2*10 

210 

3*64 

2* 10 
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* The flisn + signifies positive acidity, and the sign — negative acidity or alkalinity. 



24 



























TMnxM IV^ 


Sate Of 


AppooTsncG. 


"-^-w*". b'Js^;;^. 




QiMiMd 1 


i&dof 


Colour. 
3. 


4. 


B^dne. 




n 

7. 


^ 'a 


lOi 


Pn 
11. 


11. 


i^DOid. 

IIL 


14, 


AiKIpI 
trite* 

IS. 


Jul 9 

• n 


StAV 

H 

Ambf>r 


Turbid 
■t 


Convidijr- 

_ 


Acid 

*• 


4cid 

M 


Acid 

H 


_ 

#<o 
ri 


4-5 

rs 

4-S 
40 


0-6 
O'il 
O'S 
0*0 


<l'(»14 

0*DOil 
0*0014 

o^ooia 


0'i04a 

0*0S9S 

O'oau 
o*oni 
oom 


O'OWtl 

O'OOOO 

0'0£S£9 

O-OOOD 


m 
m 
■f 

if 



Ku-. 



D^ itnur 


Cl*w ' 


- 


Acid 


.... 


Acid 


B'O 


4^0 


F.ftmber 


i« 


- 


M 


If 




S'O 


t'A 


BtRLV 


■# 


- , 


H 


« 


*» 


4*0 


3'fi 


Amber 


IIi^ 


siiiht 


" 


H 


H 


B'O 


4-ft 



O'B 0*0014 
0*5 0-0013 
O'S ; 0*0014 

O'S I o^(iau 



O'oaoa 

O-0I9i 

O'oaot 



No 

o'oiiii yn 



ootifii 

0- 



Tablb 

Showing the Record of the Chemical Examinatiom 

Resalts staled in 



and of 
Bwni- 

SfttlCUl. 

1-1. 


App«ftnnee. 


EeM^loDwIlb 


HfiiidaeQii 

Enpartttton. 




Oxidiied 


Cbkur. 


dity. 

4. 


Eetidtie. 


1 


5| 
7. 


4 

1 

1 a 


1 

0. 


- i 

11 1 

10. 1 1|. 


Free. 
IS. 


Albu- 
minolil. 

IS. 


Tout. 
14. 


15. 


» 10 
» SO 


-• 


— 


"" 


J* 
•• 


Add 

m 


AoM 


»*0 

4*0 


0-0 

ro 


a-0 

1*0 


O'OOIO 

O'ooas 

0-0001 
0-0(h&6 


0*0910 

O'OJOO 
O-MflO 
0-OSlO 


o^oaso 


-. 



25 



continued. 
























Item 

Jnonnui' 

9MWl«ftt 


riae. 
1% 


HwdsflM. 


Dil»lT«d 


1 Acidity or Alka. 

L llnitjr in TwBi 

10 


Amotmt of Lua l%k^n up In 
Samples. 


ttminl 
Waler 


IS. 


Fii«d, 
ID. 






Kxpen- 
menls 


tl. 


netitT«Ili«IiiOi».CL 
oftbflWat«r.< 


A. 
23L 


B 

£4. 


0, D. 

M. m 


» in CoK 
*' a$-£7. 


' I'SU8 


D*fiO 
0-97fi 


3*» 
3'9S 


— 
4SI 


rs3S0 

1*09A> 

I'oeM 

I '3339 


Trace 


+i'o 


ISO 
l'» 
I'M 
I'M 

rm 


vm 


I'M 

I'M 
1-M 
I'M 


I'M 

1 M 
IM 
I'M 


PM 

1» 

I'M 
I'M 


U 
tt 

11 



ivAter. 



0-0M6 


roo 


2*30 


rm 


rooM 


Nil 


+0*8 


1-lMO 


Irio 


4-21 


8*21 


0*9224 


tt 


+1*0 


0-7724 


1-15 


8-ao 


8*98 


o-oon 


Atntee 


+0*85 


1*0»4 


0-70 


4*91 


8*08 


1*4488 


Trtces 


+0-86 



1*00 



100 1*00 I'i 



1*20 


1-20 


1-20 


1-20 1-20 


1*60 


100 


1-00 


1 00 1-60 


100 


TOO 


180 


1-60 1-80 

1 



1» 

18 
18 



V. 

of Watbr of Bbntham Moss Pool. 

Parts per 100^000. 



from 
Pnmuui* 

io5»c. 

18. 


Chlo- 
rine. 

17. 


Hardneu. 


Dissolved 
Oxygen. 

M. 


Iron. 
21. 


Acidity or Alka- 
linity in Terms 

ofc.c^Ns,0O, 

or ox, ^ H^0« 

required to 

neatralise 100 cc. 

of the Water.* 

22. 


Plumbosolvency as shown by 

Amount of Lead taken up in 

Samnlfkfl. 


Tempera- 
ture of 
Water 
durins: 
Experi- 
ments 

in Cols. 
23-27. 

28. 


Total. 
18. 


Fixed. 
10. 


A. 
28. 


B. 

24. 


c. 

J6^ 


D. 

26. 


E. 
27. 


— 


0-80 


2-8 


- 


0-9870 


- 




— 


— 


— 


— 


°C. 


2*1778 


0*80 


- 


- 


0*8004 


- 




- 


- 


- 


- 


- 


- 


1*7188 


100 


2*8 


- 


~~ 


- 


- 


1-30 


rso 


1*88 


1-70 1*72 


11 


1*7844 


1-00 


! 6*5 


- 


0-9088 




- 


2-60 


*■*• 


2-50 


2-60 


2*84 


18 



• The tirn + slffiufles positive acidity, and the sign - negative acidily or alkalinity. 
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Bentham Spring No. 1. 

This water was examined at weekly intervals from Nov. 9, 1891, to 
March 21, 1892. 

The results obtained are given in Table I., and maj be summed up 
4\s follows : — 

As regards total solids, free ammonia, albuminoid ammonia, oxidized 
nitrogen, oxygen absorbed from permanganate, chlorine, hardness, and 
dissolved oxj gen, the average i-esults were 6*74, 0'0078, 0*0254, 
O0473, 0-3474, 86, 3 02, and 0*9494 parts per 100,000 respectivelj. 
These results indicate thai the water was a very soft water, yielding 
somewhat '^ high " results as regards albuminoid ammonia and oxygen 
absorbed from permanganate. The relatively small amount of free 
ammonia, and especially of chlorine, would indicate, what is in fact the 
case, that the source of the organic matter was largely vegetable ia 
<!harncter. 

The water was invariably found to be neutral in reaction. 

Notwithstanding the neutral condition of the water, nearly all the 
^iamples were found to net, though only feebly, on lead. This may have 
-been due, however, to the presence of some acid peaty water mixing 
with the neutral spring water. As has been said, it was found that 
•occasionally surface peaty water gained access to this spring water, there- 
by introducing an uncertain element into the analysis. It may be noted, 
however, as another possible explanation, that it has been found that on 
other moorland gathering grounds that water issuing from the ground 
ss spring water may sometimes possess a feeble and temporary plumbo- 
solvent* power. If such water is freely exposed to the air before being 
tested this circumstance is seldom, if ever, observed. In such cases it 
may be assumed that the spring water as it issues from the ground 
carries with it a slight excess of carbonic acid which becomes dissipated 
on exposure to the air. However this may be, the important point to be 
noted is this, namely, that the water of Bentham Spring No. 1 was 
uniformly neutral in reaction, and that the degree of its plumbo -solvency 
was 80 slight as to be negligible by comparison with other waters of 
totally different character presently to be dealt with. 



Bentbam Spring No. 2. 

The water was examined at weekly intervals from November 9, 1891, 
to March. 27, 1893, both dates inclusive. 

The results obtained are given in the Table II. To a trifling extent 
Bentham Spring No. 2 was, like Spring No. 1, occasionally subject to 
contamination with* surface water derived from the drainage ot peaty 
soil. This circumstance, however, did not materially influence the value 
of the results in view of the sustained nature of the observations made. 

The chief results may be summed up as follows : — 

As regards total solids, free ammonia, albuminoid ammonia, oxidized 
nitrogen, oxygen absorbed from permanganate, chlorine, hardness, and 

* Plrnnbo-solvency : — In the sense of this report plumbo-solveiit power, plumbo- 
folvent ability, and plumbo-«olvcDcy are synoDymous terms. They apply to the 
ennspicaous property exhibited by certain waters to dissolve lead. Another kind of 
action on lead, -which is to some extent comparable to the rusting of iron, will be 
dealt with separately, under the term *' erosion." 



«li3solved oxjgeQ, the average results, iq rouad nuiubers, were 5*5, 
OLHjG, 0020, 0025, 03, 9, 3 0, and 102 parts |>er iai,000 

rtispecliv^elj. 

Tbe45n results differ in no coiispicaous manner from those recorded 
untler Ben thorn Spring No, L 

Koxt as to the reiiclion of the various samples examined* 

Five out of a total of sixt)'-«ix *«araplc9 were slightly acid. The 
reroaining sixty-one samples ykdded a neutral rt^action, and these 
samples were usutiUy found to he possessed of a slight but still an 
apprcci«ble amount of acid neutralizing* ability. 

As regarfJs plijrnbo-«olveney, a number of the earlier samples acted 
feehi^ on lead, bat in the main the water of Bentham Spring No. 2 was 
found to be free from appreciable pi umbo -solvent ability. 

Speaking in generul lerms, it may be said that the water of Bentham 
Spring No. 2 was neutral ant! possessed of slight but appreciable add 
neutralizing ability, and that it was pnicttcally free from plumbo-solvaot 
Jibility. 

The chemical results are Phown in graphic form in diagrams 24 to 37, 
mppended to Fart I. of this report. 



Bentham ^drnmoor) Peat Pool, 

The water was examined at weekly intervals from Noveml)«r 9, 1891, 
to March 27, 1802, both dates inclusive. 

The results obtaioe*! are given in Table IV., and may be summed 
op as follows : — 

As regards total aoHds, free ammonia, albuminoid ammonia, oxidised 
nitrogen, oxygen absorbed from permangtmate, chlorine, hardneas, and 
dissolved oxygen, the average results in round numbers were 7*0» 
0*005, 06, 03, 1*», 0-0, 2*8, and 1*04 parts per 100,000 
respectively. 

These result*? differ in no striking manner from those recorded under 
Denibam Spring No, 1 and No, 2, except that the albuminoid ammonia 
and oxygen absorbed from permanganate was much greater in the peaty 
water than in the spring water, due to peaty matter both suspended and 
in Bolntion. 

l*nrnmg next to the records as regards reaction, the following facts 
are to be noted : — 

In fori t(f- nine outofBfiy- three samples the water had an acid reaction ; 
in the remaming four samples the water was neutral, a result in striking 
contrast to those ob tainted in the case of Bentham Spring.s. 

The resnltp as regards plnmbo^sjolvency are no less si ri king. 

Practically always the water of Bentham Peat Pool acted in vigorous 
faahion on lead, whereas the water of Bentham Spring No. 2 acted not 
at all or only very feebly. 

The association on the one hand between the acidity and pltimbo- 
Bolvent ability of the peaty water, and on the other hand between the 
neutral condition and lack of plumho-solvent power of the spring water, 
19 made very apparent by these results. 

* Acid neutralizinp Ahility, — In the ieasG of this report, aegatitre acidity, 
alk&linitj, tnd acid Deutrfdizlag abtUty are iaterchaageahlo terau. Probably ao 
moorland water is idkaliue in quite th« »ame seose ihat otlier waters ar« 
uDiiaettioDablj acid. Yet many of thaae wateri poaseifl a nWght power of 
ncatndiiing acid watera. Perhapt the term "add oeotralifiog ability" moit 
clearly definei their poiitioa. 
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The chemical results are shown in graphic form in diagrams 1 to 12 
at the end of Part I. of this report. 



BfiMTHAM (BdRNMOOk) MoSS PoOL. 

The term ''Moss" Pool requires some little explanation. Although 
in its immediate neighbourhood there ^as a greater abundance of moss 
than in the case of the peat pool, both were typieallj peaty waters, 
and indeed the term was used raiher to avoid the possibility of any 
confusion' arising between the two sets of samples than from any idea 
that the waters were intrinsically diflferent in character. 

The water was examined at weekly inter^*als from November 9, 1891, 
to Mnrcli 27, 1893, both dates inclusive. 

The results obtained are given in Table V., and may be summed up 
as follows : — 

As regards total solids, free ammonia, albuminoid ammonia, oxidized 
nitrogen, oxygen absorbed from permanganate, chlorine, hardness, and 
dissolved oxygen, the average results in round numbers were 6*5, 0*005, 
0-065, 028, 1-7, 0-92, 3 0, and 0-95 parts per 100,000 re.«»pectively. 

As to reaction, in fifty-three out of fifty-six samples the water had an 
acid reaction ; in the remaining three samples the water was neutral. 

As regards plumbo-solvency, all the samples dissolved lead, and 
usually the action was very pronounced. 

These results compare very closely with those of Bentham Peat Pool. 

It is to be noted, however, that although the average results us regards 
degree of plumbo-solvency were nearly alike, namely, 1 '4 in the case of 
Bentham Moss Pool and 1*3 in the case of Bentham Peat Pool, the average 
amount of acidity was 1*3 in the former, as compared with 0*75 in the 
latter. Possibly the water of Bentham Moss Pool contained more peaty 
matters and was more discoloured than Bentham Peat Pool, which would 
tend to make the results, as regards acidity, too high in relation to the 
plnmbo-solvent ability of the water. 

Unlike the spring waters, the water of Bentham Peat and Moss Pool 
usually contained iron. During the course of the inquiry (not only at 
Bummoor, but on other gathering grounds) it was usually found that 
the greater the amount of acidity in water, the piore iron was there 
apt to be present. The presence of iron, however, would seem to be 
commonly a concomitant factor, and not usually connected with the 
productivm of acid. Nevertheless, that this is not invariably the case 
will be shown later. 

The <:hemical results as regards Bentham Moss Pool are shown in 
graphic form in diagrams 13 to 23 appended to Part I. of this report. 



Bkntham (Bitrnmoor) Bkight Syke Stream. 

The water was examined at weekly intervals from March 28, 1892, 
to March 27, 1893, both dates inclusive. 

The results obtained are given in Table III. The water of this 
stream, as lias been already indicated, is to be regarded as a mixture in 
variable proportion (according to the season of the year, the raipfall, Ac.) 
of peaty waters (c.^., Bentham Peat and Mpss Pool) and. spripg waters 
\e,g*, Bentham Spring No. 1 and No. 2). 
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TUc chief results may be Buminftnseil as follows : — 

As regards total solici?^ free ammoDia^ albutuinoid ammonia, oxidized 
nitrogen, oxygen absorbed from pernianganate, cIdorine» hardness, and 
disi^olvtd oxygen, the average results in round numbers were 5*0, 
0*005, 014, 0-023, 33, 9, 3 0, and r2 parts per 100,000 
respective!?. 

The.se results differ in no material way from those recorded under 
Bentl>am Spring No, 1 and No. 2. They would seem to differ from 
those given under Benthiun Feat and Sloes Pools only iis regards 
albuminoid ammonia aorl oxygen absorbed from permanganate, the 
llgures being naturally ** lower ** owing to the presence of less vegetable 
matter. 

In respect of reaction the water of Bentham Bright Syke Stream 
was invariably neuiral (53 samples), and usually when appropriately 
tested it was found to have an appreciable power of neutralizing acid. 

As regards plumbo-solvoncy, on four occasions tlie water displayed a 
feeble jdumljo-solvent abilit)'. In all the remaining* samples (49 in 
number) the water was free from any solvent action on lead. 

In respect of thi*se negative qualities, it thus i-esembled Bentham 
Spring No. 2. It mij^bt have been expected that under special con- 
ditions tbe Wiiter of Bright Syke Stream would have been found 
possessed both <.*f acidity and pi umbo- solvency. Such a state of things 
might be produced by the first *' wasbings ** of the peat during a storm 
succeeding a (»eriod of drought. In sucli a case it may be luasiime^] that 
there would he washed into the water supply, in coneeutraied form, 
iioid substances produced in the pent in situ, Stjch acid subsiauces, 
concentrated as r^gard-j acidity, and likewise large in bulL% might be 
expected to overcome the acid neutralizing ability of the sprms; water, 
now forming a relatively small pro[!ortion of the supply, owin|^ to the 
superabundance of surface flood water. 

Although, somewhat contrary to expectation, this did not hiippen in 
the course of the long perio<l dming which Bright Syke Sti-eam was 
kept nnder observaiion, there can be no question of the fact tliat a 
stream of this kind, who.sc water is derived partly from peat atid partly 
from f'princTs, is capable of changing its character under the abiU't; con- 
ditions. Thi> fact has since these cxperlment.s been veriQed on more 
than one garliermg grouTid and on several occasions. And with regard 
to Bright Syke Stream it is tolerably dear that at times its water was 
practically on the border line : in a condition, that is, of instability as 
regards its power of dissolving lead. 

The results of the chemical examination of the water of Bentham 
Bright Syke Stream are showTi in graphic form in Diagrams Z'6 to 47 
lit the end of Fait L of this report. 



Ghkkbal Conclusions from the Results obtained from 

EXAMLNATtON OF THE VARIOUS SELECTED WiTKRS AT BlhNMOOK, 

Injiuence of Acidity, — It will have been noted that, opart tirom 
reaction and action on lead, the various waters selected did noi difier 
from each other in chemical composition to any notable extent, save as 
regards albuminoid ammcnia and oxygen absorbed from permanganate, 
both of which were higher in the ease of the wateua with peaiy origin. 
Ii is useiul to put together in a table the chief average remits of the 
analyses. 
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Chemical Examination of the several selected Bubnmoor Watrra. 
(Average results stated as parts per 100,000.) 



Chemical Composition 
'\ an regards 


Bentbam 
Spring No. 2. 


1 

Bentbam 
Peat Pool. 


Bentbam 
Moss Pool. 


Bentbam 

Bright fcjyke 

Stream. 


Total solids 


5-6 


70 


6-5 


5-0 


Free ammonia 


0006 


0005 


0-005 


0«005 


Albominoid ammonia - 


002 


0*06 


0065 


0014 


Oxidized nitrogen 


0025 


0-08 


028 


028 


Oxygen absorbed from 
permanganate. , 


0-8 


1-8 


1-7 


0-83 


Chlorine 


0-9 


0-9 


0-92 


0-9 


Hardoess - > - 


8-0 


2-8 


80 


80 


DissoWed oxygen 


102 


104 


0-96 


1-2 



Although on an average these waters differed from each other hardlj 
at all as regards their chemical constituents, they nevertheless showed, 
in respect of their action on lead and their reaction, the most striking 
points of distinction. These facts maj be emphasized in the following 



manner :- 



Beaction and Plombo- 
Solveney. 



Waters representative of 

Moorland Springs and 

Streams (mixtnre in 

Taria^Ie proportion of 

spring and peaty waters). 

Bentbam Springs and 

Bright Syke Stream. 



Waters representatire of 
Moorland Peafy Water 
unmixed (or nearly so) 

with Spring Water. 

Bentbam Peat and Moss 

Pools. 



Neutral waters aod waters 
apt to be possessed as 
well of an appreciable 
amount of acid neutra- 
lising ability. 



Waters yielding an acid 
reaction and containing 
a measurable quantity 
of acid. 



Waters practically free 
from any solvent action 
on lead. 



Waters possessed of strong 
plumbo-solveDl ability. 




+ 




These results, so far as they sifow mere associatioi! of iiciJlty with 
plumbo-solvencj, are, of courae, not new. It has been noted oa a 
Dumber of occa^^ions that moo rlaud water supplies causing lead poUoniog 
tire opt to be «cld. But, except bj Dr. Siuclair Whit*?, no atrempt h&a 
till now been made to establish how far acidity of itself is the essential 
factor in producing plumbo-solvency ; whether varying degrees of 
pi uml>o solvent ability are associated with cori-egponding varin lions in 
acidity; or whether chemical conditions other th;in ncidityalso mnterially 
affect tlie power of an acid water to dissolve lend. Moreover, the con- 
ditions in nature which produce acidity had not l>een fully worked out 
in tlie past, and thus the primary source of plumbo-solrency could not be 
paid to be fully understood. 

It has been shown that, when the average results are taken, the peat 
pools and fipnn«j^ waU^n* did not difler to any notable extent in their 
chemical composition, although the former were acid ancl di?<solved load, 
and that the latter were nentnd and free from plumbo-solvent ability, , 

The inferences which may be drawn from these avei^age results tir« 
greatly strengthened when the individual records are studied,, Xhe 
diagrams rehiting to the chemical composition of the j>paty waters 
(peat and moss pools) from week to week, and from mouth to' matub, 
show that observed variations in the amount of this or the ather 
chemical constituent of the waters has, in each instance, faileii th aO^imt 
for the variability in the degi^ee of Icad-dtssolving properly, _ '^ , ., 

When the variation^ in phmi bo-solvency of the sfimples Wrta contracted 
respectively with their varijitions in composition as regaixls — t 

total solids, 
organic matter, 
f3) oxidized nitrogen, 

(4) chlorine, 

(5) hardness, 
(G) dissolved oxygen, i'^ "*' 

no (mrallelism was in any case found to exmU ' Wberea4» wheiit addity 

and phimbo-sokency aru considertMl togethei*, Che [reldtiuiv wu!i close. 
Taken as a whole the correspondenc!^ betwei^u ilia r two^ coiMJitioi^ 
is quite unmifetakivble. Jt is true tMt the fiandWtifjm of amomit 
of acidity and degree of plumbo*sokency was not always e:itact, 
either in the cam of examination of multiplo samples; of a partictdar 
water, or when waters obtained from different sources Were com- 
pared in respect of their ijualittes. U piglit have been anticipated 
that each water would probably possetsd itsowui sia^idard^f relation 
oi lead-dissolving property tof, aoi<Litj,. and that oveu iu - the c^ise 
of a particular water, its own staiMiacd would l»e apt to fliwMnalt*. 
1 he direct proportion between amouiit of agidiiy utid dt^gree of pKnu bo- 
solvency may quite easily depernl upt*w variation in ibe iM*tnre of 
the acid present from tiiu<? to lime or upon ibe controlUog. loiluejjcC! 
of some outside faetor ©f factors diliitnlt to ascii^najn nnd impo*'sible 40 
estimate. Moreover, it- must bo rmnembercd iba^ we aro ileal iug )vitJi 
very flight degrees cxf acidity, the exmNt eqi^v^ni otf which ji»i by 4ip 
means easy to d«^t^uuno, even by tM ii^Hi dt^ivtue to«tv,^«^ lb>o» U^ 
detormtnation of the absolute degree.pf: plumli^rfoiv^ney also ^prrj^ent^ 
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difficulties. Altliough the most delicate available methods were desigoed 
for these estimationsi and great care was taken, experimental error 
must he allowed for. It would, I think, be hardly surprising if, as 
a matter of actual fact, the effect of experimental error has been that 
the parallelism between acidity and plumbo- solvency has rather been 
masked than unduly displayed. 

Influence of Rainfall ^ Temperature^ and Season. — As an aid to the 
proper understanding of some of these matters, weekly rctcords were 
kept of the rainfall, flow of the streams, and temperature (1 foot and 
4 feet) of the soil on the Bummoor gathering ground. But it soon 
became apparent that when dealing with one out of many tributary 
"feeders," the sum of which went to form a water supply, weekly 
meteorological records confined to one spot were hardly sufficient. 
Between each periodical visit to the gathering ground violent and 
sudden fluctuations occurred, of which no record could be obtained, and 
yet which were none the less of real importance. The meteorological 
observations available do not allow general inferences to be drawn other 
than of a tentative and provisional character. So far as the rainfall is 
concerned, the data are shown in the diagrams relating; to the plumbo- 
solvent ability and acidity of Bentham Peat and Moss Pools, and it will 
be seen that no definite parallelism can be traced between the amount 
of rainfall and degree of plumbo-solvent ability, although possibly there 
is a slight indication of an invei*se relation. But, in view of what has 
been aaid, failure from the available data to trace a direct relationship 
between the two must not be taken as proving that none exists. 

For puch a statement to be fully proved or disproved, daily, and 
daring heavy rain hourly, records of rainfall would be needed, along 
with determination at corresponding intervals of the total yield of water 
and its acidity and ability to dissolve lead. 

As regards season, the Burnmoor experiments indicate that acidity 
and plumbo-solvencyare apt to be at their maximum in the late summer 
and autumn. But the question of season is necessarily complicated by 
the rainfall. In each year the curve of acidity and plumbo-solvency 
would tend to be dominated, not so much by seasonal variations of tem- 
perature as by the manner of distribution of the rainfall throughout the 
12 months. The Burnmoor experiments, together with the result of 
examination of multiple gathering grounds elsewhere at different seasons 
of the year and under very variable conditions as regards the rainfall, 
•permits of the following facts and inferences boin": put forward : — 

Moorland waters (mixture of surface peaty water and spring water) 
are not unfrequeintly neutral during the summer months and acid during 
autumn, winter , and spring. This would seem to result from the fact 
that during summer the neutral spring water relative to the acid surface 
water is usually at its maximum, and that during the rest of the year 
these conditions are commonly reversed. In the fir^t case we have a 
low rainfall, a high temperature, and a dry condition of the surface soil ; 
in the second a high rainfall, a lower temperature, and a surface soil 
uniformly moist or sodden. This need not, however, prevent us from 
assuming that a high temperature provokes the production within certain 
limits of a greater amount of acid per unit of volume of water. For 
during warm seasons such water may be " held back " or ** stored," as it 

mooiland waters are ever Ftroagly acid in reality, only relatively so. Bat in view of 
the eircamatanoe that lead is very readily acted on by acidt, that even the faintest 
trice of acid constitutes a source of danger owing to the ready solubility of the metal, 
and that lead poisoning is cumulative in character, I have found it convenient to 
use sach terms as "very acid '* or « strongly acid/' but always in a relative sense. 
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were in the sobstaoGe of the peat, or may escape in bulk too small to 
aflect sensibly the reacticjo of the body of water conMituting tbe water 
supply. Agaiuy the low temperature may reasoimbly be supposed to 
retnrd the productioa of acid, while at the same time it lese^ens tbe 
eraporation, and so tends to keep the soil moist. Further, a modcrale 
amount of rain may suffice to wash out of the peat acid substaoces 
previously maoufacturetl without at the same time greatly dilutiug the 
aeklitj. On the oilier baud a proloncred and heavy rainfall may in time 
•Vfash away tbe acid substances already stored iu the pest, and at the 
^me time greatly dilute the deleterious iicid matter etill remainln*; or iu 
process of manufacture. Hence in tbe case of the moderate rainfall we 
may 'have a tilron^ly acid water, but one small iu total bulk, and in tbe 
ease of the he»vy and prolonged rainfall a water only feebly acid but 
enormous in quantity. 

So far us rcIuhI observations are concerned, the utost ncid condition 
of moorlaod waters has l»een encountered dunng a slorra following on a 
perl*Ml of drought, and when the first ** washings *' of the peat were being 
carried into the supply. 

The above by no means exhausts all tbe complex conditions which, to 
a greater or less degree, may bear on this question. For we may have 
wet summers and dry winters and cold summers and warm winters ; we 
may have warm drying winds keeping the soil unduly dry irrespective 
of the rainfall, and, on the other hand, moist winds and mists retarding 
the evaporation from the soil. Again, some winters are conspicuous as 
regard* snow, others in respect of frost. Lastly, tbe rainfall may be 
distributed pretty equally throughout the year or there may be long 
Intervals during which there is no rain, followed by shorter periods of 
abnormal rainfalL 

Tbe following conclusions from tbe Burn moor experimenta may now 
W put forward : — 

(1.) At Burn moor the chemical composition of spring water, peaty 
•'• - water, and moorknd spring (mixed) water, was very «>imihir 
in respect of totnl solids, organic matter, oxidized nitrogen, 
chlorine, hardness, and dissolved oxygen, although peaty 
water gave the highest results as regards organic matter. 

(2*) In the course of a series of examinations of spring water, peaty 
water, and moorJaud stream water, can-ied over many months, 
it was found that variations in chemical composition in re.spect 
of total ficltds, organic matter, oxidized nitrogen, chlorine, 
hanlness, and dissolved oxygen wtre in no case accompanied 
by corresponding variations in plumbo- solvent ability. 

(3.) In respect of acidity, however, there was in general a marked 
contrast between tbe several waters, which corresponded to 
observed differenci-s between ibem in lead-dissolving property. 
Moreover, in the course of a long series of examinations 
carried over many raont.iis it was found that in tbe case of a 
given w^ater variations in acidity were accompanied bv cor- 
fesponiing varintions in plumbo-solvent ability. And' from 
fbet^e observations, since confirmed on a plurality of gstheriDe 
grounds, it may be affirmed that in general — 

(4.) Moorland spring water is neutral and free from plumbo-soK^nt 
ability. Commonly it is possessed as well of a alight but still 
an appreciable degree of acid neutralizing ability. 
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(5.) Moorland peaty water is asnailj distinctly add and possessed of 
a vigoroos solvent action on lead. 

(6.) Moorland streams (mixture of spring and peaty water) are* 
either neutral ami free from plumbo-solvency, or acid, and 
possessed of pliimbo-solvent ability. 

The ability to dissolve lead of a given moorland water of mixed 
origin, such as a stream fed partly from springs and partly by surface 
and peaty wafer, depends upon the degree of the acidity possessed by 
its add constituent waters, upon the volume of these acid constituent 
T/aters relative to the total bulk of mixed water, and upon the volume 
of the constituent waters which possess ability to neutralize acid. Here- 
I may observe tliat laboratory experiments have shown conclusively 
that an acid peaty water may bo deprived of its acidity and plumbo- 
solvency by admixture with sufficient quantity of moorland spring 
water post^essed of acid neutralizing ability. Given a continuance of 
favourable counterbalancing conditions, a mixed water which constantly 
receives a proportion of highly acid water may nevertheless remain 
without ability to act upon lead. 



LATER EXPERIMENTS AT BENTHAM RESERVOIR, 
BURNMOOU. 

Daring 1893 a further series of experiments were carried out at 
Burnmoor. 

'Jhese comprised the chemical analysis, on lines broadly parallel with 
the previous investigations, of the water of Benth am Reservoir. The 
samples of water were collected both from near the surface and near 
the foot of the water in the reservoir. 

Further the following waters were subjected to frequ2nt bacterial 
testing, namely : — 

Inflow water to Bentham Reservoir. 

Surface water of Bentham Reservoir. 

Water taken near the foot of Bentham Reservoir. 

Peat Pool water. 

Lastly, bacteriological examinations were made of numerous samples 
of Burnmoor peat soil. 



Cqemical Examination of the Water of Bentham Reservoir. 

It has already been pointed out that the Burnmoor supply to Bentham 
village was reputed to act on occasion vigorously on lead, and to have 
caused lead poisoning in the past. During the prolonged investigations 
carried out at Burnmoor which have been set out above, it was 
found that a tributary to this reservoir. Bright Syke Stream, did not 
become acid and possessed of plumbo-solvcnt ability, nitliough certain 
of the contributory waters (Peat and Moss Pools) were strongly add, 
and acted on lead to a conspicuous extent. 

Bright Syke is not, however, the only source of supply of Bentham 
Reservoir, and in the circumstances it was considered advisable to ascer* 
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tain whether this reserroir water did, as a matter of fact, occasionallj 
acquire plambo-solTent ability. For this purpose it was dedded ta 
subject to weekij chemical tests the sum of the waters collected from 
the Bummoor gathering ground and stored in the reservoir, and it was 
decided to coUect the samples both from near the surface and also 
from near the foot of the reservoir. 

The records of the chemical examinations of the water obtained from 
near the (1) surface and ( 2) fo ot of Bentham Beservoir are shown in the 
foUowing Tables YI. and Vn. :— 
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Showing the Record of the Chemical Examination 

Be>ults su 





Appeartnce. 


Reaction 


(rith 


Residue on 
Evaporation. 


Ammonia. 
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Date of 
CoUeo- 
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natioii. 


Colour. 
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• Ai the water of Bentham Reeerroir waa said to occasionally have an acid reaction, samples were eoBi 
t, 10^2. 18, 14^16,17. 10, 20. 21, 28. 24.28; Nov. 4. 11. 18. 26. The water however, was always found to 
t inie hardness of this water was found to be either unaffected by boiling, or to be slightly morvased in 
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obUiined from near the Foot of Bjbntham Bbsebvoib. 
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In summary of the above results the following poiuts are worthy of 
note: — 

The samples of water obtained from near the foot of the reservoir and 
those collected from near the surface did not differ the one from the 
other to any notable extent in their chemical composition. And although 
they were less '^ soft, " and contained more solids, they did not seem to 
differ much in other respects from the waters which liave been con- 
sidered in detail in the earlier part of this report. As regards reaction 
and action on lead, both sets of samples were found to be invariably 
neutral and free from plumbo-solveucy. 

^ Samples were collected for detailed examination at weekly intervals 
from August 4 to December 27, 1893, both dates inclusive. Samples 
were also collected on 39 other occasions during September, October, 
and November 1893, and these were tested for their reaction. The 
water, however, was always found to be neutral. 

In connexion with the above tables it will be noted that certain 
meteorological data are given. These were obtained from instruments 
placed on the gathering ground in close relation to Bentham Peat and 
Moss Pools. 

During tlio whole period of observation, therefore, Bentham Reservoir 
wfis proved to have no solvent action upon lead. The result was not 
altogether what had been anticipated, in view of the general statements 
which had been made before 1893 as to the lead-dissolving prdperties 
possessed by this water, and for the purposes of this inquiry it is rather, 
u matter for regret that it did not become plumbo-solvent during tlie 
period of my observation. The results obtained, however, are not 
without value in their negative aspects. They furnish a good example of 
a moorland water supply which may be neutral and free from action od 
lead, although certain of its contributory waters are possessed of acidity 
and plumbo-solvency in conspicuous degree. Here, as in the case of 
Bright Syke Stream, there can be little doubt of the reason. 

The result is to be traced to the presence in sufficient amount of other 
contributory waters of different sort, namely, neutral spring waters, and 
waters, moreover, possessed of an appreciable degree of acid neutraliz- 
ing ability. Obvioi].sly conditions might at times arise which disturb 
the balance, and if as a fact Bentham Reservoir at other times has been 
acid and post^gsed of ability to dissolve lead, the circumstance is not 
necessarily inconsistent with the facts observed in 1893. 



Bacteriological Examination of Burnmoor Waters. 

It is convenient first to record the results of bacteriological examina- 
tion of the inflow water to Bentham Reservoir and the water of the 
reservoir collected both from near the foot of the reservoir and neai' th^. 

surface. 
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Tablb VIII. 



BisuLTS of the Bacteriological Amaltsis of the iNfiow Water 
to Benthah Besbbvoir. 



{ 


1 

1 Bateof 

CoUec- 

Description of the Sample of Water. tion and 

ofExami- 
nation. 


Number 
of CO. 
added 
to the 
nutrient 
GeUtin. 


Num. 
berof 
Experi- 
ments. 


Number 

of 

Microbes 

in Ice. 

of the 

Water. 




Peaty water, inflow to Bentbam Reservoir 


1893. 
Aug. 21 


CO, 

0-6 




1^2 
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n t* u M • - 


M 80 


0-8 
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2 
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M 


** t, ,t ** • ' 


Sept. 6 
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U74 




tf 


». >. >• ,. - • 


» 18 


Oil 
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M 


»» M »t » " ■ 


M ao 


Oil 




1,868 




- 


»* »f » *f * * 


M 27 


Oil 




1,184 




»» 


„ - - 


Oct. 4 


0-U 




6,m 




». 




M 11 


Oil 




1,098 




u 


$» » » ,. • • 


M 18 


0-11 




i,sm 




M 


„ • - 


M 2S 


0056 




792 




„ 


MM H „ • - 


Nov. 1 
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«• 


,» n f i» " " 


« s 


008 




600 




»t 


' « .. „ ,. • 


M 18 


008 




700 




M 


*t »t »» »» • " 


M 22 


006 




4,160 




»» 


M - • 


H 29 


008 




1,175 




t* 


M .. ., ,. - • 


Dec 6 


008 




1,425 




»$ 


t> M »» •» * * 


M 13 


008 




• 




n 


MM #» »• " ■ 


M 20 


012 




1,712 




' 


M f* » „ • . 


M 27 


008 

• 


. 


700 




Average number 


of microbei 


2,140 



• Liquefying colonies too numerous to allow of accurate counting. 
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Table IX. 

Results of the Baotbriological Analysis of the Surface Water 
of Bentham Reservoir. 



«j 




Date of 
OoUection 

and of 
Examina- 
tion. 


Number 

of CO. 
added to 

the 
Nutrient 
Gelatin. 


Num- 
ber of 
Ezperi- 
ments. 


ATerage 
number 

of 

microbei 

inlcc 

of the 

Water. 


1 
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Aug. 24 
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' 
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t 




^ SO 0-167 


J 
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3 




Sept. 6 
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H 18 
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»»••»»•" 
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m - m m •• 
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• 
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» « H .. - 


H 20 


0074 


8 
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19 


Average num 


M 27 


0*074 


2 


1.486 




berofmicp 


obee 


1.862 



* Liqneiying ookmiea too numerous to allow of accurate counting. 
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Table X. 

RB8ULTS of tlie Bacteriological Analysis of the Water at ibo 
Foot of Bknfham Reservoir. 



1 ; IDeMriiition of the Sample of Water. 


Date of 
Oollection 

and of 

Bxamiiia- 

taoD. 


Number 

of cc. 

added to 

the 
Nutrient 
GehUine. 


Num. 
borof 
Experi- 
ments. 


Areni«e 

numbtT 

of 

microbes 
in 1 cc. 
of the 
Mater. 


1 
1 IVaty water, foot of Bentham Rpaerroir - 


1886. 
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Sept. 6 
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.. 18 
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n 80 
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Oct 4 
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. 18 


0-14 
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10 


. 










» 85 


0-14 




44S 


11 












Nov. 1 


006 
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IS 












M 8 


018 




8,906 


IS 












.. 15 


0-06 




796 


14 












M 28 


018 




1.078 


16 












» 29 


018 




4^416 


16 












Dec. 6 


018 




1,698 


17 












„ 15 


018 




• 


18 












,. 20 


OOS 




8.764 


It 












.. 27 


012 


• • 


1.960 










A^ 


erageuuin 


berof mia 


t)be8 * 


2.446 



* Liquefying colonies too numerous to allow of accurate counting. 
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The?e results, together witli records as regards the rainfall, are shown 
in diagram 47. 

The average number of microbes in the various waters was as 
follows : — 

Inflow water to Benth am Reservoir. Microbes per c.c. 2,140 
Surface water of Ber.tham Reservoir. Microbes per 

CO. ..-..-. 1^162 
Water at the foot of Beutham Reservoir. Microbes 

per cc. - - - - - - 2,4'16 

It will be noted that the number of microbe? was large in all the 
waters, that the inflow water contained more bacteria than the surface 
water, and that the water collected from near the foot of the reservoir 
contained the largest number of micro-organisms. 

A reference to diagram 47 would seem to show that a rise or fall 
above or below the mean in the number of bacteria in one or other, or 
in all three, of the samples, was usually associated with corresponding 
wet or dry weather. 

To some extent there was a parallelism" between the number of 
bacteria in the individual samples obtained from the three sources on 
comparable dates, and this measure of con*espondence seemed to be 
host seen in the case of the reservoir samples. 

A.S regards the kinds of bacteria found in the various waters, theie did 
not seem to be widely different either the one from ihe other or from 
the bacterial flora of most potablo waters. B. fluorescens liquefaciens 
was usually present in great numbers, and three distinct varieties of 
B. fluore«cens non-liquefaciens were frequently met with in the cultiva- 
tions. Occasionally B. ianthinus, H. arborescens, proteus-like forms, 
B. subtilis, B. mesentericus, dadothrix dichotoma, &c., were noted. 

It is of interest, in the next place, to contrast the above results with 
those obtained during the bacteriological examination of Burnmoor Peat 
Pool water, shown in Table XVI. of the series which follows : — 
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Table XI. 

Showing the Results of the Bactkriolocjical Analysis of Bkxtham 
Peat Soil for Aerobic Micro -Organisms. 

The samples of peat soil were taken from a little below (a few 
inches) the surface. 



Description of the Sample of 
Peat Soil. 



jAraount 

I of Dilu-' 

; ! tion of i 

1tv.«.^«. the Peat, 
Date of 1 jxt^ I 

1 Collec. JJ;^^ Num. 
' and of I ^**«^- 1 Eiperi- 

|"*^»^"1 in 500 t 
I I cc I 

sterile 
I ' Watw. I . . 



Number 


Average 


of cc. 


Number 


Soil 


of 


Mixture 


microbes 


added to 


inl 


the 


Gramme 


nutrient 


of the 


Gelatin. 


Peat Soil. 



Per- 
centaf;e 
amount 
of Mois- 
ture 
in the 
Peat. 



Bentham peat soil (a little 1)clow 
surface level). 



1893. 

Nov. 8 



„ 13 

„ 22 

„ 29 
Dec. 6 

„ 13 

,. 20 

„ 27 



4-233 

6-292 

4-297 

404 

6-201 

7024 

3-573 

7-894 



cc. 
0-07 



0-40 

0-35 

0-35 

0-175 

0-36 

0-35 

0-35 





V. 


24,500 


82 


73.000 


91 


48360 


e7 


3L000 


82 


40.350 


64 


12.000 


74 


60.900 


84 


3L900 


87 



Average of 15 experiments vriih 8 samples of peat soil • 



39.063 I 79 
=average 7^ 
moisture. 



D 2 
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1'ABLK XII. 

Showing the Results of the Bacteriological Analysis of Bentham 

Pbat Soil for Anaerobic Micro-Orqanisms. 

The pamples of peat were token from the sarface layers. 



A. 

B. 
c. 

D. 
E. 
F. 

o. 

H. 
T. 
J. 
K. 
L. 
M. 
N. 
O. 
P. 

Q. 



Description of the Sample of 
PMtBoU. 



Collec- 

tion 
and of 
Exami- 
nation. 



Amount 

of DilQ. 

tion of 

Date of the Peat 



with 
•terile 
Water. 

Grams. 

in 800 

cc 

Water. 



Bentham peat soil (surface level) 



188S. 
Sept. 6 



». IS 
.. 20 

M W 

Oct. 4 

n 11 

.. 18 
» 26 

Nov.l 
.. 8 
H IS 
., tt 
« 29 

Dec.6 



4*669 
6*687 

12*628 

10*602 
8*908 
6*068 
6778 
4*984 
6*976 

12*766 
8026 
6*446 
9*180 

14*335 
18 \ 11158 
20 I 8*142 
27 , 18*937 



Num- 
ber of 
Bxpen< 
ments. 



Number 
of cc. 

Soil 
Mixture 
added to 

the 
nutrient 
Gelatin. 



ATersge 
Number 

of 

microbes 

i inl 

' Gramme 

of the 

Peat 

Soil. 



Average number of anaerobic bacteria 



CM, 

1 



ijMO 

m 

2,460 

2.eoo 

6.760 
6.650 
6.000 
13.160 

• 

41.000 
15.500 
1.700 
5,100 
705 
1.7C5 

7,985 



Pep. 
centago 
amount 
of Moia- 

tnre 
in the 

Peat. 



I' 

66 
78 
71 
81 
81 
79 
76 
87 
88 
74 
71 
88 
87 
71 
87 



• The experiment failed.^ 



53 



Table XIII. 

Showing the Results of the Bacteriological Analysis of Bentham 

Peat Soil for Akhobic Micro-Organisms. 

The samples of peat were taken from the surfistce layers. 



^ 


Description of the Sample of 
Peat Soil. 


1 

Date of 
Collec- 
tion 
and of 

ination. 


Amount 
or Dilu- 
tion of 
the Peat 
with 
sterile 
Water. 
Grams. 

in 
600 c.c. 
Water. 


Num- 
ber of 
Experi- 
ments. 


Number 
ofcc. 

Soil Mix- 
ture 
added 
to the 

nutrient 

Gelatin. 


Average 
Number 

ot 
microbes 

inl 
Granune 

of the 
Peat Sou. 


Per. 
oentage 
Amount 
of Mois- 
ture 
inth« 
Peat. 


1 


Bentham peat soil (surface level) 


1898. 
Aug. 8 


1-3 




CO. 

0*72 


68.000 


7o 
82 


s 


M 


» 


W " 


« 8 


40 




0-72 


36,000 


90 


8 


- 


W 


»» • 


« 80 


4*548 




0*44 


152,000 


08 


4 


n 


M 


m 


M 30 


8-965 




0-4* 


276,600 


86 


8 


•t 


»» 


M 


Sept. 6 


4*589 




0*166 


428,600 


78 


6 


M 


n 


• 


« 6 


10*429 




0*166 


878.600 


81 


7 


n 


•* 


m 


,. 18 


6*667 




0-122 


188,800 


56 


8 


m 


H 


H • 


M 18 


8*847 




0-122 


119,600 


67 


9 


» 


■» 


« 


.. 20 


12*628 




0'08 


29,600 


78 


10 


n 


m 


w 


H 20 


11*4922 




0*112 


111,600 


81 


11 


M 


»« 


»» • 


» 27 


10*502 




0*08 


114,000 


71 


IS 


W 


M 


*• • 


. S7 


8*61 




0-112 


149,600 


70 


13 


•» 


t» 


•• • 


Oct. 4 


8*902 




0*06 


823.000 


81 


14 


M 


M 


#• • 


.. 4 


6*362 




0*112 


860,000 


83 


18 


.. 


m 


•» • 


.. 11 


6*088 




0*12 


164.000 


81 


18 


n 


m 


m 


« 11 


5*420 




0*12 


104^400 


81 


17 


m 


m 


M • 


,. 18 


6-776 




0*12 


161,260 


79 


18 


M 


n 


f» • 


« 18 


5*510 




0*152 


88.000 


75 


19 


n 


H 


m " 


« 25 


4-984 




0*08 


126^600 


78 


to 


n 


M 


w • 


» 25 


6*745 


2 


0*112 


1,044,600 


74 


SI 


m 


W 


i» 


Nov. I 


6-975 




0*12 


440,600 


87 


S8 


m 


n 


n • 


.. 1 


n*15l» 




0*07 


180,600 


80 


S8 


n 


M 


M • 


.* 8 


12*765 




0*08 


141,950 


88 


84 


m 


*f 


t» 


„ 15 


8026 




0'07 


179/WO 


74 


88 


M 


M 


n * 


M 22 


6*446 




0*08 


137,600 


71 


26 


•t 


M 


M * 


» 29 


9*18 




0*08 


103»760 


82 


27 


•* 


M 


.. 


Dec. 6 


14*335 




0*08 


266,000 


87 


28 


» 


M 


n 


., 13 


11*163 




0*04 


24.500 


71 


29 


«» 


•• 


H • 


„ 20 


8-142 


2 


0*08 


35,800 


87 


80 


•» 


M 


.. 


„ 27 


13*937 


2 


0*08 


36,960 


82 



Avavf^a of 66 expetimoits with 80 sajnples ofpeal toil * 



isfoan I 77 
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Table XIV. 
List of Micro-Organisms i^^olated from Bentuam Peat Soil. 



llicro-Orgauisms isolated and identified. 



Bacill js mycoidos 



Remarks. 



Bacillus fluorcecens liquefaciens • 

Bacillus fliiorescens non-liqucfacieus, A. 

B. 
Bacill as subtilis 

Potato Bacillus (a Tariety of Bacillus mesen. 
tericus vulgatus). 

Bacillus gasofornians(f) - . . . 

Bacillus arborcsct'ns 

Proteus-like forms . - - . 

Sacch&roraycetes. Pink and white toruloe 
Hyphoinycetes. Many different form<. 



I This micro-organism, which is commonly met 

I with in cultivated soil, is comparatively rare 

I in peat kmI. 

: As compared with peat water cultivation, un- 

i common in peat soU. 



?■ Two distinct varieties. 

I These two organisms can usually be obtained 
by heating a mixture of peat and water to 
80° C, and then inoculating nutrient gela- 
tin with a considerable quantity of the soil 
mixture. 

Not nearly so common as in peat water culti- 
vations. 



:} 



Not veiy commonly met with. 

Unlike peat water, peat soil is rich in yeast 
and mould fungi. They are. no doubt, 
derived from the air and Jhid in surface peat 
«oil a suitable nidus owing to its moist 
character and acid re-afftion. 



A largo number of other micro oiginisms not identifled. A f&ll description of two of these 
will be found elsewhere. 



Table XV. 

List of Micro-Oroanisms isolated from Cultivations of Bextham 

Peat Water. 



Micro-Organisms isolated and identified. 



Bacillus fluorescens lii)uefa:Men8 

Bacillus fluorescens non-liqucfjicicns. A. -^ 

a, •[ 
0. •) 

Bacillus arboro*cens (K4.) - - .( 

l?B.) - - .[ 

Bacillus subtilis • • • • .^ 

Bacillus fivurans - j 

Proteus.like forms njpoteus vulgaris (?) -] 
rroicuh uKc lorms ^ i.rotous mirabilis - -J 

Bacillus gnsoformnns(V) . - - - 

Bacillus ianthiniis 

Micrococcus ciunabareus - -^ 

Cladothrix d:chotoma J 

Teast colonics and moulds 



Remarks. 



Very ft)mmouly met with. 

Three dis'inct varieties of this crtranism 
frequently encountered. 



It IS a question if there are not two varieties of 
this orgawisiM, differing slielitly in their 
biological chi meters. 



Not commonly met with. 

Th2 P. mirabilis was viry rarely i.otictd. 

Very ''onnnon. 

Met with fairly often. 

Rsre. 

Occasionally met with. 



A considerable number of other micro-organisms were isf>lntcd, but their idti-.tification was 
not considered sulUciently certain to allow of their introduction into this table. 
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Table XVI. 

Results of the Ractebiological Analysls of the Wateh of 
Bentiiam Peat Pool. 



DeerriptioD of the Sample of Water. 



I nS^ I tratriwit mmu. 



A. 
B. 

a 

D. 

s. 

F. 
6. 



Acid water of Fentham Peat Fbol 



1803. 

- I Xov. « 

■' . « 

- : .. » 

. Dee, < 



017 



AvumffA 
N'umUr 

of 
mirffiliMi 
in 1 C4t, 

Wat«Tr. 



fit 



Ateeaft of U experts 



I4«» 



that the aT ggjgc kobIi^y <;€ »itrofc<^^ wa* <*5t K/# j^-r *r f , *'•? tt#«i 
kalf the nmbfr c€ nrnp^ cflwf«ih^i 1^*;% rh^% U0P Sm^'V^st, ',\ \ « i^ 

Tbi* water, it will Is^ r-'ftttfsaJ'.^iT^iri. '••t ^jiie>? t// '^^. iat>f.u,Uif la^iAf 
mad it is poesbie tims tb*: u^vSxj :a.i-:t<i'.^ 'f^n^j^^ ff^rt^U 'tU^ 
iaiov wtcr to Boctiam. EMerr^nr^ ^^f tlii«% 'xJ^^rr aa^v?. ir»e «l«r#^« 

aod ipiiiii^ wiier, Ii » ^fifcui: v, -xjur-n -jk^ ^••a^, *,M^^r\^^ tu cfc* 

wBter CT i f ■ ?■#< anr» ^rgusat luKStiff^ turWv^ fi^iuc ttthf *,y;^y^ ^f 
not ettirt^. </ T^jpesir.uftr §turL It j*. jn#(*^*c. ^#UHni^««; ■*/*<♦ ^-^^ nr^rfA^ 

cm. ite vmj 'tis lite tcks^ w : icifC '^sut tf^0ipi^%m*r »^tk»**A 9^^140' »^<^H»wi 
finm the £ks tiot 'x^ ^Wfs mnti^rxui^ Jb»ni^»ji«H. A>^f*rr<v'« ll^^n^^ AiMM 
to a farirWrmw fc- Hw-t-vr 'dxe »t^ ia. r « jm«y(«^^i»fif. V/ a* /> r^^iHt. 41 
«Mer nfttJ H>?rrripy numtiL^vaMr imil ima «>rt>i»i44»^ «ftc /^^uMi^aimM^ v.^-'UM^tf 
with fos md ^atBtrsi^ -c^-^fsamMr tr^t^'* tutr^v:' Cd w^ ^a/^^^^^ » i4M^« 

A»to de kaik5i fif Mi^i»r» itun/t >i ti^ «:tii »ii$^ ^/*:»*^ <£#< ty/ //mu. 
to ^ffer l» wf aM* f t <-sv:sc Hvn '»\^^^<^ Ufttut >». '^m iff^^^^^ d/ 
SotfhMB Bf ■rune ?':M»«tsitv^ i«i9r*fr.«sr t«^. r4#«*sr ''Z A>H#u»*.^ ><<^ 
PMljfynodfao6 jRHftr -tv i#£^ ^tv: n \%r> k,(^^w^^^ *0 «v v/.«^.^.a^>» 













>^ .... 
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0iiUf ttfi I in <;4r«fi Usm tfuui the muDber c^ microbes commoulj found in 

A • r^'/Mfdn iJhft kind of }m.'(*U:nM foind in the cnltares, it is to be noted 
tiuU ti^tfuUU nod y^aiiUi w^fre wsuwlly present in abondance, and, unlike 
n^/iU in ftiffwrMlf li, Mycoidet^ was only oocaidonallj met with. The 
t$Ht»\t\H nud ytfHMtM BTH doubtieM4 derived from the atmosphere, and the 
nmM^fU wUy tbey fionrtih in peaty foil is probably dae to the acidity of 
p^ai ati'l ilH tnoihi and untritious character. Fluorescent bacteria and 
mU'.rip\H*.A h<'itnip^\ti'^ to the subtil is and mesentericos groups do not 
ii|i|Miar Ut \nt HH numerous in peat as in soil obtained from other sources. 

All tirt ^atfiplei of |>eat were <v)Uected at dilferont points on the 
ik^ntlmtii (Hurniuoor) gatlierinq grouudi^ and all were taken from the 
i$urtm*4i layorM. 

Ilul a iiiiiiib(*r ol experimeuti$ were also carried out with peat soil 
nulhutti'il liffiv inchfM beloto the surface The results obtained in this 
naio arts nIiowu iu Table XL, above. 

\i will Im Hcen from the above table that eight samples of peat soil 
ylitldml on uii n reraise 80,063 bacteria per gramme. Thus, the number 
of nil(*rol)ui4 In peaty soil is distinctly loss a few inches below the surface 
Umn inini(Mlint4*lv iit the surf^ice ; the figures being 39,063 as compared 
with I Oil I A3. Further, mould and yeast fungi are fewer in number iu 
tho doopor liiyofH of peat soil. 

A Horli*N of oxperiiiiontM was also carried out to detf^rmine the number 
of am$rrohh bacteria in peaty soil, and Table XII. gives the results of 
UiD liaoun'lologloai examination of Bentham peat soil for anaerobic 
Imotrrln. 

U will Ih« M(H>n on reference to this table that the average number of 
auafiHibio ndcrtibes was 7,085 per gramme. 

Thero did not neero to be any very great diversity of species among 
Iho aiiMt'roldo paat micro-organisms. Most of them appeared to be 
tkouUative auacroUvs and to grow most luxuriantly under aerobic 
(HMuUlioun, 



A^'iiMrv or Fkxt Siul in relation to Bactkrial Action. 

*tii«^ MiHmv of moist peat oii the Bentiiam gathexing ground was 
AmihI I\^ W iuvariaUy acid in n^acUon. The tests were made with 
IhKh^ bimus |Mft(H!T priw^eti against the peat« not with the finger?^ bat 
>Nilh a i^w K'Jf »l\>iM\ fn^uient of heathy or other object picked up ^m 
(W ^Uktii^ ^nmttd. Tbeci«^ le^ts wen^ made weekly for some months 
IM ISSk^ ^KiiK^h lUKie at a namber of ditfervnt spots. 'FTe:^h places were 
clKVkiHi at <«io'i \UiK At later dates iho n»ctiou of peatj surface schI 
ImU Wvii K-^l^ b\ aM frv^uently in course ot* my suryej o£ diderent 
|[^lWr*u^ ^rv'Wiisib in LMwashtn^ and Yorkshire, aivajs with the same 
ivcui^. V^x^tt shis I v*?Mae to cvocittie libit althoogh watt:r is the Tdikie 
w^x^ v<iuti^r^ cb^ a<kl sctN«<ac<e$ to the waterworks^ the acteee^knt 
>,'«ur^ v<; ;a<> .«v.^t\ L^es^ i;x pcvvetsssesiL Caikia^ place ia the peat lisetf. 
tf^tckW >^ ;jk \\*ttJ»*lM«:ftbMi» joMnas o£ wvrk ia iecermiiLiz^ the pan 
y4*>\v.' S Sfccivr*A Ji ih^ pci\htictxMi ot acai :a peat. The resixics IiaftTC 
V*»V'« ^'^-.a it >.\t:.ba^ bv Mr. JVwer ta ais 3i<ec2onrLdx2i ia die Report 

V <'Av« • t A >u^ciii^(useiic nf^*»^ H-ent* bcweT^-. rcr :2e sake d 
sVWr'^v^vuv^^as. '*i >»*U ^ w^ >^ rytec w a few c£ :ae re^ts. 

t:\Mki >»»Ht:ific rtttt/ vVdcai-i wtfca aeacnl rain aa«i 'iKcIIeii w:ifcfr. 'a 
^aiv^'V di ^ v'* Kx v 5mt4itti>f li^ scaiC9^usvir ^ rm ia Juoce^nis^ :£ a«K» 
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and iho percolation of rain-water through peatj soil^ invariably conferred 
acid properties and plumbo-solvent ability upon the water. Acid peaty 
water obtained from moorland gathering grounds and stored in bottles 
under varying conditions never showed an increase in acidity, but 
rather an appreciable decrease. Such water neutralized before being 
stored in bottle never recovered acidity. Hence it may be conclude*.! 
that moorland water when separated from peat has completed its 
history so far as production of acid is concerned. Then as regards the 
production of acid in the peat itself. A mixture of peat bacteria, when 
grown in neutral sterile decoction made solely from peat, rendered the 
liquid acid and plumbo-solrent. Wlien the experiment was repeated with 
certain individual species of peat bacteria in pure cultivation, the result 
was in nearly all cases otherwise — the decoction remained neutral and 
had no action upon lead. Two microbes, however (provisionally 
termed peat bactena O and Q in Mr. Power's Memorandum) } ielded 
positive results. Each had the power, when grown in a neutral peat 
decoction, of rendering the liquid acid and conferring on it ability to 
dissolve lead. The net result of the experiments has thus been to afford 
presumptive evidence of the strongest kind that the antecedent cause of 
the acidity and plumbo-solvent ability of a moorland water is the vital 
action of particular species of bacteria in moist peat soil. 
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soils, aud is even less than the number of microbes common!/ found in 
most virgin soils. 

A^ regtirds the kind of bacteria found in the cultures, it is to be noted 
that moulds and yeasts were usually present in abundance, and, unlike 
soils ill general, B. Mycoides was only occasionally met with. Tlio 
moulds and yeasts are doubtles>« derived from the atmosphere, and the 
reason why they flourish in peaty soil is probably duo to the acidity of 
peat an'l its moist and uutritious character. Fluorescent bacteria and 
microbes belonging to the sub tills and mesentericus groups do not 
appear to be as numerous in peat as in soil obtained from other sources. 

All the samples of peat were collected at diflferont points on the 
Bentham (Burnmoor) gathering ground.^, and all were taken from the 
surface layers. 

But a number of experiments were also carried out with peat soil 
collected iifeic inchfs beloxc the surface The results obtained in this 
case are sl\own in Table XI., above. 

It Avill be seen from the above table that eight samples of peat soil 
yielded on an average 39,063 bacteiia per gramme. Thus, the number 
of microbes in peaty soil is distinctly lo^s a few inches below the surface 
than immediately at the surface ; the figures being 39,063 as compared 
with 191,153. Further, mould and yeast fungi are fewer in number in 
the deeper layers of peat soil. 

A series of experiments was also carried out to determine the number 
of anaerobic bacteria in peaty soil, and Table XII. gives the results of 
the bacteriological examination of Bentham peat soil for anaerobic 
bacteria. 

It will be seen on reference to this table tliat the average number o£ 
anaerobic microbes was 7,985 per gramme. 

There did not seem to be any very great diversity of species among 
the anaerobic peat micro-organisms. Most of them appeared to be 
facultative anaerobes, aud to grow most luxuriantly under aerobic 
conditions. 



Acidity of Peat Soil in belatiox to Bacterial Action. 

The surface of moist peat on the Bentham gathering ground was 
found to be invariably acid in reaction. The tests were made with 
blue litmus paper pressed against the peat, not with the fingers, but 
with a piece of stone, fragment of heath, or other object picked up from 
the gajhering ground. These tests were made weekly for some months 
in 18€i3, each time at a number of different spots. Fresh places were 
chosen at each visit. At later dates the reaction of peaty surface soil 
had been tested by me frequently in course of my survey of different 
gathering grounds in Lancashire and Yorkshire, sJways with the same 
result. From this I came to condude that although water is the vehicle 
which carries the acid substances to the waterworks, the antecedent 
cause of the acidity lies in processes taking place in the peat itself. 
This led to a considerable amount of work in determining the part 
played by bacteria in the production of acid in peat. The results have 
been given in outline by Mr. Power in his memorandum in the Report 
of the Medical Oflicer of the Board for 1893-4, and the details will 
be given in a subsequent report. Here, however, for the sake of 
completeness, it will be well to refer to a few of the results. 

Peat brought into contact with neutral rain and distilled water, in 
such a way as to simulate the stagnation of rain in depressions of peat, 
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aad the percolation of rain* water through peaty soil, invariably conffTnwl 
acid properties and plumbo-solvent ability upon the water. Add pffsty 
vratcr obtained from moorland gathering grounds and Ktorod in botllcA 
under varying conditions never showed an increase in aci<lity, but 
rather an appreciable decrease. Such water neutralized before. Iifin^ 
stored in bottle never recovered acidity. Hence it may l>e conclufh"! 
that moorland water when separated from peat ban completefl itn 
history so far as production of acid is concerned. Then as regarfln tho 
production of acid in the peat itself. A mixture of peat Imcteria, whfm 
grown in neutral sterile decoction made solely from peat, renrlere^l the 
liquid acid and plumbo-solvent. When the experiment was repeaterl wii h 
certain individual species of peat hecteria in pare cultivHtion, the renfilt 
was in nearly all cases otherwise — the decoction remained neutral and 
had no action upon lead. Two mierobeSy however (provisionally 
termed peat bactena O and Q in Mr. Power's >lf^morandnm) ) i^kled 
positive results. Each had the power, whfin grown in a neutral peat 
decoction, of rendering the liquid acid and conferring on it ability to 
dissolve lead. The net result of the experiments has thus been to am^rd 
presumptive evidence of the strongest kind that the anf/'cedent cafi>^, of 
the acidity and plurabo-solvent ability of a moorland water is the ritnl 
action of particular species of bttcteria in moist peat soil. 
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PART II. 



RUSULTS OP SURVEY OP MOORLAND 
GATHERING GROUNDS IN LANCASHIRE 
AND YORKSHIRE. 



Part n.— HesTilts of Survey of Moorland Gathering 
Grounds in Lancashire and Yorkshire. 




SECTION L— INTRODUCTORY. 



This part of the report con tains an nccooiit af tJie results af ilie 
inspection of the chief moorland gnthering grounds iu Yorkshire 
«ml Uiicashire. T^venty-threa waterworks were visited (U itt 
Laacuhire and 12 in Yorkshire), and iu each case a survey was made 
of tlwir respective gathering grounds ; the chief object being to 
^^TtMxn the phj'sical characters of the different drainage areas, and tlie 
t'bcmical quality of tbe various waters ad regards their reaction^ qua 
*<^iditv, und their action an lead. 

Prcn'ion^ to thi^ inquiry it was known that towni supplied with 
nioorknd water sometimes suffered from epidemics of lead poisonings 
''Ut the reason why some towns so supplie<l escaped and others were 
senouj^lj aifec<ed was by no inemi'* clear. In the fa^e of Sheffield, 
however, it had been shown tliat the |xirtiou of the town affected with 
J<*d poisoning receivetl iis supply from the '* high level ** service, whereas 
the rest of the town was supplied with water from the ** low level *' 
*^Pply. And it ha<l been found tlmi the former water was acid and the 
loiter ueutral^ and this difference in the reaction of the two waters was 
<ittributed to a difference in the physical characters of the " high " and 
"low** level gathering grounds. 8ubsequeetly, the **high IpvpI'* 
***PpIj was treated with lime, which nentraliset] the acidity, and lead 
P*'WOoing w»3 no longer com plained of. But while from these and other 
^s^rvations it had come to he recognised that arid moorland waleri* 
dis-olved lead, and furtlur thut acidity, to which the water owed its 
p'nmliO'Mjlvent ability, was probably a^oeiated with a peaty origin, the 
■*'l<?cedeut cause of the acidity of moorland waters had not been 
'^'ahlishe^l on a basis of broad observation. 

Moreover, no att^inipt had been made piopeiiy to invest igaie thf 
*MSly as regards acidity and aldh'ty to act upon lead of the di/feretti 
^kindi" of water met with on moorland gathering grounds: to diflfer- 
njtiat^^ for example, spring waler, water draining from peaty soil or 
lying tt^gnimt in peaty pools, and ** mixed" spring and surface water, 
N I ill 1^1- jiii^i aiiy work been doni^ in the direction of comparing the 
i' v-icul characters of a number of different moorland gathering grounds 
'•^ fespect of the different quality of the water supplied by them* 



In Part I. I have nho^vn how, at the co omancemeat of the rnqniwr"^ 
the gathering sroumi of Burnmoor was selected as afibrding a namber -^^ 
typical iliustraiiona of the ditferent " kind* " of water uaiudlT yidd^^^ 
by moorland gathering grounds and kept under cootinttoua ol>eerTatlo«''^ 

during n number of years. 

The general results of this part of the inquiry np to 1894 were se*^ 
oat in Mr. Power*s memorandum '' On the causes of Lead Poisoning/ 
published in that year,* and further data have been given iir^ 
Part I. of this report. They showed that spring water w«^^ 
neutral, free from plumbo-solvent action, and ponsessed of some acid-^ 
neutraliKing ability ; whereas peaty water was acid, and dissolved ^ 
lead to an extent chiefly dependent on the amount of acidity. Further, 
it wan shown that the action on lead was not to be associated nith 
any observed chemical coudition other than acidity, as, for example, the 
amount of organic matter, dissolved oxygen, oxidised nitrogen, &c. It has 
been shown that peat when moit^t is itself invariably acid, and it has been 
indicated that a water when it has '' left " the peat has completed its 
history so far as acquisition of acidity is concerned. This circnniEtance 
of acidity urisins; in, ond determined by the peat itself gave rise to a 
prolonged series of experiments. One direction th&te ex|>eriments took 
was toHs<^ertain whether a mixture of peat bacteria could, when added to 
and gro^vn in a neutral sterile decoction made solely from peat, give rise 
^0 acidity and pluiubo-solvent ability of the liquid. It has already been 
stated that the result was affirmative, and that pure cultures of certain 
bacteria isolated from peat could effect a similar change in peat decoction. 
Here ilion was an explanation, although not necessarily the right or only 
one, cf the antecedent cause of the acidity of moorland waters. Another 
direction the experiments took was determining the effect of removing 
peat from various gathering grounds and pUcing it in the laboratory 
under conditions resembling as closely as possible those on the moors 
as regards the relation of the peat to the rainfall. Thui artificial peat 
pools were constructed and neutral water was filtered through peat 
both cop.tinuotisly and also intermittently. The results were all alike 
in one respect, and showed that a small amount of peat can render 
acid a relatively large bulk of neutral water. 

The results of these and of numerous other experiments led to my being 
instructed to make surveys of the chief moorland gathering grounds in 
Yi.ikshire and Lancashire. For it was manifestly of great impoitance to 
4ipply the knowledge gained at Burn moor to other gathering grounds, and 
to see whether the information gained there was to bo regarded as of 
general or only of local value. As a matter of fact, prior to the actual 
commencement of work at Burntnoor, a scheme had been formulated 
which took note of this very circumstance, namely, the necessity of sup- 

* Report of the Medical Officer, Local Government Board, Iiead Poisoning by 
Moorland Waters. 
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piemen titig and extentling the ioformatioa which it wa^j anticipated would 
beobtaiaed ** locally'* h1 Biinitnoor, lij careful mRpection of the physical 
characters of other tjathering grounds io relatJoi) to the quahty of water 
supplied by them, and of comparing the results obtained on one area 
with those of other and quile ijeparate area;*. 

The foUowiDg is a list, alphabt4ically arranged, of the waterworks of 
which surreys were made r — 

»L Ashton-under-Lync, Stalybridge, and Dukinfield (Diatrict) Water- 
work s Jo i n t u in m \ tic e ; Lancash i re. 

2, Bacyp Corpora tioo Waterworks ; Lancashire, 

3. BarDsloy Corporation Waterworks ; Yorkshire. 

■ 4. B'.irrow-iii-Furness Corponitioo Waterworks ; Lnafai?hire- 
5. Biilley UorporaUon WntervForkj*; Yorkshire. 

6. Blackburn Corporation Waterworks ; Lancashire. 

7. Bolton Corporatiou Waterworks ; Lancashire, 

8. Bradford Corporation Waterworks ; Yorkshire* 

9. Buruley Corporation Waterworks ; Lnucashire, 
10. Colne VlTaterworks ; Lancashire. 

^11. Dewsbury and Heckmondwike Water Board; Yorkshii'e. 

B12. Hah fax Corporation Waterworks ; Yorkshire. 

— LI. Huddersfiehl Corporation Waterworks; Yorkshire. 

14. Keighley Corporation Waterworks ; Yorkshire. 

15. Leeds Corporation Waterworks j Yorkshire. 

16. Morley Corporation Waterworks i Yorkshire. 

17. Nelson Corporation Waterworks ; Lancashire, 

18. Oldham Corporation Waterworks ; Lancashire. 
^L 1 9. Preston Corp<»ratioo Waterworks ; Lancashire, 
^^120. Rochdale Corporation Waterworks ; Lancashire. 

*2l. Sheffield Corporation W^aterworks; Yorkshire. 
22, Shipley (Eldwiek) Waterworks; Yorkshire. 
K 23. Wakefield Corporation Waterworks; Yorkshire. 

Of these 23 waterworks, 11 are situated in Lancashire and 12 m 
"Yorkshire. 

Generally speaking, in each survey, general inforination is given 
^jjnder ihe heading : — 

H " Source of the water stipply and general description of the water- 
^m works,** followed by special notes : — 

^^^^ (a.) On the characters of the gathering ground. 

^^^B (fr.) On conditions found to exist on the gathering ground od 
^^^1 the dale (or dates) of inspection. 

^^^^^^ (r.) On the results yielded by the chemical examination of 
^^^^^^ the waters in reference to the observed characters of the 

^^^^^^B gathering ground. 



Source of the Water Suppit/ and General Description of ihe 

Waterworks. 



The information grouped under the above beading was in each case 
(*otained chiefly a^ a result of personal inspection of the waterworks, but 
«> through the use of notes and statistics Courteously siipplktl liy the 





vftfioizs wftti*nvorks officials.* I ought here to obFttre that while I Irnfe 
^reiifl<ili to beliore that on scTeral of the waterworks surveyed the supply 
is DOW obtained noder t^ie samu conditions that existed at the date or 
diites of my inspection, it is likely that in Fome inftmDces changf*s have 
been mitde by the water authority in certain of these conditions during; 
Ihe interval between niy visit and the date of this report. 

The method followed in grouping together the various facts obtained 
nnder this head has varied somewhat in different cases. Usually, hfjw£?ver, 
1 have df'scribetl in a few words the source of the water, e.17., whether 
from moorlfliid or upland gathering grounds or from springs ; its 
situation ; and its distance from the chief area of supply. Then 
commonly follows a more detailed description of the arran^mentsi for 
collecting the water, having reference, among other things, to the stomge 
reservoirs, the inlet streants to the reservoirs, the armngenient^, it any, 
for excluding storm water from the waterworks, the tiltratiou or 
*' treatment" of the water^ and generally the mode of disiribtitlon of 
the water. 

Next are given statistical noteM on the waterworks. The^e comprise, 
as a rule, the following data : — The averai^o annual rainfall on tlic 
gathering ground ; ils chief area of supply ; the capacity, depth, 
superficial area, ai^d height above Ordnance datum of the reser%*oiFs ; 
the consumption of water ; the size of the driiinage area (or areas); Uie 
daily or weekly nun fall on the gathering ground during tho month 
preceding the dale ofinMpeetwH, 

With regard to the information given in the special notes : — 



(a.) On ihe Character of the Gtxikcrmg Grounds. 

The notes under this he:iding deal wiih a variety of facts. In 
general, reference has in each instance been made to the physical 
charucters of the gathering ground; to the distrihntron of peat ; to the 
nature of the vegetiUion ; to the kind of rock underlying the surface 
soil J to the drainage from the soil — wheiher slow or rapid; to the 
amount of spring water relative to the amount of surfjico water; to the 
opportunities of rain water Btagnaiing in peaty, mossy, and marshy 
places; to the cJiarocter of the beds of thp feeding streams; to the 
amount of denudation of the surface soil; and u* tlw nature of the 
slopes of the hills on the gathering; area. 



(6.) Oh conditions found to e.rist on ihe Gathering Grcnnd on the 
Date of Inspection. 

Under this heading will he found a description of ihe conditions 
existing on each of the separate gathering grounds at the actual date of 
inspection^ and it is to be specially noted that the chemical stale of the 
moorland watetji varies from time to time, iso lliul whiit ts true on one 
occasion may not neces.'^nrily hold good ut iinotUer. Mo!jt parLicidurly 
is this the ca?*e as regards the reaction of the waters, and as the rnitifull 
in this connexion is of ihe utmost importance, I have in each iustance 
5late<l the daily or weekly niinf.-ill prior to the dale of my viBxt, 

* In the matter of fiup[»lj'iDg tBfonu&tioa and trausmlltiog •umplei of ivater. 
Ihaiik>« art! dtH-% and an* here mo^t gratefully t!X]>rf}«>ied, lo tlie uitsdical oncers of 
beftlth of the various distTictt* and the otliciflla of tho wntenrorkg. 



I hare added ioformiitiou ns to the results of the ch/emiciJ testing^ 
performed on the spot, of the various reservoirs and ** feeding *' stream:^ 
htihe reacttoiu qud ncidity, of the water cootained ia them, Abo 
tlie reiolts of the more detailed exnminatioD of pirticular WHter^ 
ooUeeled oo the date of itispection, and sobsequeotly examined in the 
bboratorjr for acidity and plumbo-aolvent abilitj.^ 



(c.) Of the Rtsi/iis yielded % ihe Chemical Ejramitmtion^ of the 
Watrrs in Reference to ihe obxerced Characters of the Gatherinq 
Gnmnds, 

L^fidi^r this heading the attempt is maile to trace a fmralleli»m 
bf'tweeu tiie chemical slate of Uie- u'aters and the physical circiira- 
sl;irice3 of the gathering ground. In this conne:tion the foUon^ing 
{joints, amon^ others, havi» been considered — namely* on the one 
hamd^ the a^^sciciation of acidity and pbitnbo-solven't ability with 
certain factors, such as large amount of i^eat and peaty water, stagnation 
of min water in peat, slow rate of drainage from the soil, comparative 
at>M*ni^ of J:«pring water, kc. ; and on the other hand the evidence 
atforded a?* to association of a neutral condition of the water and freedom 
from pluml>o*solveut ability with other factors, such as a large amount 
4>f spring water and a small amount of peat and peaty water, with a 
rapid and **fficient surface drainage, flow of the feeding streams along 
ftindy and rrjcky beds, He. 

A& has Ijcen indic^ited, the chemical observations mmle in connexion 

with thcise surveys may be divided into tests made on the ffpot and 

dctjdlcd examination c^irried out afterwards in the laboratory. In 

iig the reaction of tht* water on the spot an alcoholic solution of 

loid was invariably used. This is an extremely delicate test for 

purpose, the fainte&t tr*ice of acid being indicated by a change of 

.»b»ur from the original purplish blue to a red colour. lu the more 

delailetJ chemical examination the water was tested for acidity qualitji- 

tively ^nth lacmoid and quantitatively with -- sodic carbonate and 

phenol phthaleln. In many ca^es the ** hardness " was also determined, 
and in all cases the plumbo-solvent ability was tested by a method 
allnwing of quantitative cQm^»iiri&ou, Occasionally the number of 
carcrobei^ wils estimated by the usual gelatine plate nietiuxL 

U will be rememlx'red that in the originiU examination of moor- 
And waters in connexion with the Burnmoor iuquiry, a condiderably 
ore extensive cheujical examination was made, which comprised 
U*rmji}ation of — (a) Api)earance in 2-foot tube ; {h) I{**-aotion 
with alcoholic solutions of cochineal^ nietbyl orange, and lacmoi*! ; 
(c) R«?idoe on evaporation and lot** on ignition ; (d) Ammonia (fre« 
And albuminoid) ; (e) Oxidised nitrogen ; (/ ) Oxygen absorbed from 
[jn-miangauate ; (</) Chlorine; i[ A) Hardness; (i) Dis.solved oxygen; 
{j) Iron : {h) Aci*iity (quantitatively) ; (/) Plumi>o*^olvency (quanti- 
Utivcly), 




* The latter r^ult? are r«}corded in each instance in tabular form at tho end of 
I survey, 

t DartDg a oon^itlerabli; period of the inquiry the ai^istautie of Mr. J. W* 
Paflo, B.Sc*. was oblaioi'^. Hi:* service* were of the greatest valu«, and the efficieat 
et^j be rendored b here grutefuiljr acknowledged. 

G t»g579. E 
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A large number of determiDations afl regards these chemical tests, both 
as to one and the same water over a considerable period of time, and also 
as to different waters, showed conclusively not only that acidity and 
plunibo-solvent ability are closely related, but also tibat action on lead 
is not to be associated with any other observed chemical condition * 
Hence in later experiments, ol which these surveys formed a part, 
attention was almost wholly directed to the examination of the waters 
for acidity and plumbo-solvent ability. 



Maps. 

Along with the survey reports will be found maps ilhistrating 
the information obtained on the gathering ground, as regards the re- 
action of the various waters. In these maps the uniform plan is 
adopted of colouring the streams, reservoirs, &c., red or blue, according 
to whether the reaction was acid or neutral. Such colouring, it is to be 
noted, has reference only to the conditions found to exist on the date of 
inspection. In some of the maps brown colouring is used. This 
indicates the distribution of the peat. 



Erosive ability of JVaters from the Gathering Chrounds surveyed. 

It will be noted that no special reference is made to the " erosive '* 
ability of th(» various waters. This property will be dealt with in a 
furihor rej)ort, but here it may U^ stated in general terms, that from the 
practical point of view, erosion when associated with plumbo-solvency is 
of considerable importance, but that erosive ability unassociated with 
plumbo-solvent ability is of minor importance, unless, indeed, where 
briijht lea<l is concerned. As a matter of fact, the moorland waters of 
Yorkshire and Lancashire rarely erode lead unless they are at the same 
time acid, and even then the action is often absent, or exhibited only to 
a slight extent. This, however, is not true as regards all waters, and 
waters other than those dealt with in this report. At aU events, 
experience has shown conclusively that it is the acid, and consequently 
lead-dissolving waters, which have given rise to serious epidemics of leaid 
poisoning in the past, and not the neutral waters, which may or may 
not possess erosive ability. 



Description of the Chemical Methods adopted in Investigations 
OF Water Samples. 

(a.) Hardness, — Clarke's soap test was used to determine the 
hardness. 

(h.) He-action. — Litmus paper was found to bo of little use in testing 
the waters qualitatively for acidity. In all the experiments lacmoid 
solution was used as an indicator. This is an exceedingly delicate test 

* Compare Mr. Power's observations on page 338, Annual Report of the 
Medical Officer of the Local Government Board for 1893-4, and the diagrams- 
appended to his Memornndum. 
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ih the cB6^ of peaty wat<'n4, the merest trace of acid sufficing to change 
the purplLsh-blne colour to a red colour. Methyl orange, litmus, and 
wichiaeal BolutioQ3 were found to be of small value as compared with 
the above. The solution is best rnade by dissolving 0*2 gramme of 
licmoid in lUOee. of dilute alcohol ( 10 per cent.). A few drops added 
to lOcc. of the sample of water contained in a sample tube at once 
reveals the presence of the smallest trace of acid. It may here be 
repeated that moorland waters which give a neutral re-action with this 
indit^ator do not dissolve lead to any appreciable extent. Conversely^ 
whenever a peaty water gives an acid reaction with this indicator it 
will also be found to possess pluml>o-solvent ability. 

(c.) Acidity* — Whenever a water wa-4 fonnd to give an acid re-action 
with laemoid^ the amount of the acidity was determined by titrating 
a dr^nile quantity of the water with a decinormal solution of eodie 
carbonate (5 '3 grammes Na^COg per litre). Phenobpbtbalein 
(0'5 gramme in lOOec, oO per cent, alcohol) was used as an indicator, 
and although open to »ome objections, it wa.s found that by its use 
compirable result;^ were tjbtained. The acidity was estiniuteil quantita- 
tively, with the object of seeing whether the phi minj -sol vent ability of 
a jwiriicular water from time to time, or of one water as eomparctl with 
another water, varied directly with the amount of the acidity. l(H>ce. 
of the sample of water are poured into a small flask^ a few drops of the 
indicator added, and devinormal goditmi carliouate solution* cojitained in 
a burette, added drop by drop. Tla^ faintest exoi-\s8 of alkali shows 
itiHflf by a pink colouration of the previously colourless liquid. In the 

mbles the results are ejcpi-essed as acidity in terms of ec. . -k Na^COj 

rf^ttux^ to neutralise lOOcc, of the water. In the ca^se of a rteutral 

diiitilled water, one, or at the most, two ilrops of = r Na^COa snflSce to 

pi-odnce a pink colouration iu lOOcc. with this imiicator* 

{d.) Piumbo-s ol vencp . — ^Jn determining the pi umbo solvent proper- 
ties of the various waters, the following process was adopted {nee 
Diagram A) : — 

A glas.^ tube (A) drawn out at one end (B), and about J-inch in 
diameter uiid 2 ft. lou^ was held in a elamp with the tapered end 
duwcward**. To this lower end (B) a piece of rubber tubing (C) was 
attached. The otlier end of the rubbei tubing was cormeete 1 to one 
end of a U-slja(>cd glass tube (D). The other end of the U tube 
(D) wiis dippeil into the aruupW of water eontained in a vessel (E) 
placed on a sheU' home feet above the level ol the burette. Wi»shed 
lead shot which had been specially made ibr the purpose, and which 
contained no aii^enic or other ingredient of n hardening nature was 
tneasured into a oOcc, measure, A .small piece of muslin (K) waa 
shoved down to the foot of the big glass tube (A), ami then the shot 
(G) were poured into the tube, oceupying about IB inches ol its length. 
Tlie open end of the tube was then iitied with a email rubber bung 
(H) containing a thin piece of glass tubing bent twice {1 and J) ai 
right angles, witb a slop cock (K) between the two bends. Next the 
rubber tubing (C) was disconneetrd from the lapere*! end (B) and 
suction applied. As soon as tlie syphon was started a cli]i (L) was 
mpplied, and the tubing agaiti connected with the ndje (A) containing 
the shot. The clip was ihen ien«ov*^d find ihe water nllowed to filter 
upwards through the shot (G) along the angled tulnj (IKdj, and so into 
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a 50 cc. Nessler tube (M). The v^ater was collected in successive 
lots of 50ec. and tested for the presence of lead with ammonium 
sulphide. By a previous blank experiment it wa& ascertaiofid how far 
the stop-cock (K) had to be turned so as to allow the water to filter at 
the rate of 3 mins per 50cc. of water collected. This having been 
done the stop-cock (K) was fixed in position with sealing wax. The 
amount of leieid was estimated hj colour- titration, the standard solution 
of lead acetate (1 *66 grms. per litre) being of such a strength that 1 cc. 
was equivalent to 1 mgrm. of lead. The experiments were carried oui 
in a comparative manner, and the precaution was taken of using fresh 
shot for each determination, the old shot being thrown aside lest its 
continued use should introduce a possible source of error. 
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oioorlaudnnd iliu water from certjilii spntigB, one of wliicU is known ns 



of <Jc 



ipti' 



be 



WiL'ken Spring, but wbicli, for tbe purposes 

elassfd togetlier as t]ie VYii-keii Springs. TliQ bye-wasli is continued 
^own the west side of Lower Swinesbaw and receives above the outlet 
water from Higher SwiueshLiw, and opens lower down into L-jwer 
Swine-^haw. Bi^jond Lower i>vv'iii(?3haw it joins tbe natural bed of ibe 
stream in Swineshaw Valley, and the water iu this streatn iliscbar^s 
into thi' ypper end of Brushes Reservoir, or can be carried bf a furtber 
ooiuinuation of the channel past Bruslies to Walker Wood Compensation 
Reservoir. Takinjjj the reservoirs in order from above downwards. 
Higher Swinesbaw Reservoir is situated at a height of 957 feet abore 
sen level, and is supplied with water from the follow in*j sources ; 
Wicken Brook opens into the norih-west anj^U' of Higher Swiueshaw, and 
it drains a large area of moorland, but receives besides siurfaoe [>eaty water 
a consiilerable amount of spring water. Along the north side of tbe 
reservoir are a number of Kpring^s — Wieken Spiings. These are piped 
together into a common cbaunel which opens into the bye- wash and can 
be turiied from thence back into the reservoir, or c-irried dowt\ wards to 
Lower Swinesbaw or to Brushes Reservoir. Swinesbaw Brook, the 
main stream on the gathering greund, drains a considerable tract of 
moorland. It opens into (he iiurth-east angle of the reservoir, or can 
be turned down the bye-wiish. A small peat flraiu open* into the west 
side of the reservoir, and a number of small streams draining very peaty 
land (Boar Flat) open iido the bye* wash on the opposite side of tbe 
ref^ervair. Lower Swiueshaw is situated at a height of 7tj8 feet alx:>re 
sea level. Tt can l^ supplied either with (he outlet water from Higher 
Swinesbaw, or by means of tbe bye-wash with the water from the 
Wicken Springs and wSwineshaw Brook. It Hlt?o receives the water from 
three. small streams on the ea^t iside. The water fi*om Lower Swinesbaw 
is used for the supply of the town of Mosslcy and a portion of Stalybridgr. 
Brushes Reservoir is situated at a height of l>49 feel above i*ea level, and 
together with tbe water from the Greenfield Valley supplies Ashton — 
Stalybridge and Dn kin Held being snp[*li4'd from Swinesbaw only. A 
Bmall amount of water, cliiefly from hillside spring**, enters the south sidft, 
of the reservoir, but the main source of supply is from tbe sti^>am wbici 
namndly drains this valley and into which tbe bye- wash opens after 
leaving Lower Swinesbaw. This stream enters tbe upper end of 
Brushes Reservoir, and tbe w^ater in it can be diverted <iown ibe 
continuation of tbe bye- wash pas! Brushes to Walker Wood Compensa- 
tion Reservoir. It remains to note, boT^ever, from what sourcci the 
above stream is fed. Between the point of entrance of the bye-wa»b 
and Brushes Retervoir, a certniu amount of water drains from th«? 
soutberly iiill slopes to the east <*f Brushes into Ibis stream. This water 
to*^t ther with the water tlcwin«: into the suuUi side of the i-escrvoir is 
not, however, sutbcient to feed Brushes. There is a considerable leakage 
from Low*er S^-inesbav/ Reservoir and this water enters tbe stn^am. 
FiiJtber, tbe water from Higher Swine«hnw can be utilised by means ot 
tlie bye-w*j».«b, and it is to he noted that it is possible to supply Brwsbes 
from the spriniis before inentioneil, and Swinesbaw Brook either mixed 
or unmixed with Higher Sv\inesbaw water. It does not appear to be 
the custom to supply Brnshes witli Lower Swinesbaw water, and the 
chi*d" reastm is f tilted to be that tlie leakage from Lower Swinesbaw 
makes it undesirable to keep the water in that reservoir at its proper 
level. \^ alker Wocnl Reservoir whieli is used only for compensation 
pnr|oses, is snp(>Iied with flood water and the overflow from the above 
reservoirs* ]n conclusion it is to be noted that Asbton is supplied wiih 
the mixed water fiom Brnshcs and Yeoman Hey Reservoirs, or from 
the spnngs in tbe Greenfield Valley. Mossley is supplied from Lower 
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Daily Rainfall on the Swineshaw Gathering Ground from August 25, 
1895, to September 25, 1895, inclusive. 



1895. 


Rainfall. 


1895. 


Rainfall. 






Inches. 






Inches. 


August 25 


- 


005 


September 1 1 


• 


0-60 


,. 26 


. 


1-40 


12 


. 


— 


M 27 




0-90 


13 - 


- 


— 


„ 28 




0-02 


14 


. 


— 


M 2V» 




0'08 


15 - 


. 


— 


,, 30 




— 


16 


. 


— 


„ 31 




— 


17 - 


- 


— 


September 1 - 




— 


18 


- 


^ 


>» * " 




— 


19 . 


. 


— 


»» o - 




0-26 


20 


. 


— 






0*45 


21 . 


. 


— 


)» - 




004 


82 


. 


— 


1, O • 




0-50 


28 . 


. 


— 


i» ' • 




— 


24 


- 


— 


8 

9 - 
„ 10 




— 


25 - 


- 


— 




0*10 


Total - 


- 


4-40 



Daily Rainfall on the Greer^ld Gathering Ground from, October 1, 
1894, to November 1, 1894, tnc/trnve. 

Yeoman Hey gauge. 



1894. 


Rainfall. 


1894. 




Rain&ll. 






Inches. 






Inches. 


October 1 


- 


— 


October 18 - 


. • 


O-l 


,.2 


. 


— 


„ 19 


. 


— 


„ 3 - 


- 


— 


„ 20 - 


- 


2-5 


» 4 


. 


— 


„ 21 


. 


0-1 


» 5 


• 


01 


„ 22 • 


- 


— 


6 


- 


0-2 


,j 23 


. 


0-2 


7 


- 


0-1 


., 24 . 


. 


0-7 


M 8 


- 


— 


„ 25 


- 


10 


.1 9 


- 


0-4 


„ 26 . 


. 


10 


., 10 


- 


— 


» 27 


. 


' O-l 


., 11 


. 


— 


„ 28 . 


. 


0-8 


M 12 


. 


— 


„ 29 


- 


0-5 


„ 13 


- 


— 


„ 30 - 


- 


— 


„ 14 


- 


— 


,, 81 


• 


01 


., 15 


. 


—. 


November 1 • 


. 


0*2 


115 












„ 17 


- 


- 


Total 


- 


7-6 
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SECTIO!*^ IL :— PARTICULARS RESPECTING EACH OF 
THE TWENIY-THREE GATHERING GROUNDS 
i SURVEYEa 

Sixrvey No, !.• 

t ASHTON-UNDER'LYNE, STALYBRIDGE, AND 
DUKINFIELD (DISTRICT) WATERWORKS 
JOINT COMMITTEE, 

SOURCR OF THE WaTEK SuPPLY AND GENERAL DESCRIPTION OF 
THE WaTEH WORKS » 

The water fiopply is obtaine<l from high gatlxf?riug grounds at 
Swineshnw mul Qi*eeii field, situate abotit 5 miles from the town of 
Mossley and 2 J and 8 miles from Aslit^tm respect ii'ely, 

fh-eenjield Suppli/.f — At present (IH97) there is a single reservoir on 

this gathering ground^ wtuated at a height of 768 feet above ordnance 

diittim, which i^eceives the drainage from the Green lield Valley, urid is 

known a** the Yeomen Hey Reservoir. The main .'source of siijjply to 

this reservoir is from Greentield Brook, which draini«i a considerahle 

tract of moorland, l^he water draining from the moors on the east Bide 

of the reservoir is excluded from the waterworks, and in carried hy a 

tunnel down the valley into Green field Brook below the re«orvoir. The 

\^Tit«r draining to the reservoir on the went side is chiefly spring water. 

In connexion wilh each of the larger streams on this side of the 

re^rvoir is a chatnl>er fitted with a mechanical contrivance ("leap" 

|Wt*ir), which pe limits the dry weather flow to drop through an opening 

iding to a common channel connecting the varlons s^treams, but which 

events flood water from so entering, owing to its greater veloeiry 

jringf it over and beyond the opening leading to this channel, the 

Iter p890ing instead into the re^rvoir. The water in this channel, 

CODuaon to the vnrions sitrearas, is led into sctth'ng and straining tanks, 

nd can be turned therefrom either directly into the reservoir or into 

mains leading to Ashton, Mogsley, and Saddleworth. It follows, 

the above, that the streams on the west side flow during floocis ioio 

5%*servoir, and, nnder ordinary conditions of the rainfall, disehar^^e 

into a common channel leading to settlinjr and straining tanks^ from 

whence ihe mixed water can he turned into the reservoir or passed 

directly into ronsnniption. Two small fermgiaous springs discharge 

the one into the north-east and the other into the &onth-east angles of 

Yeoman Hey Reservoir. A small portion of the lower lying levels of 

the town of Mos^ley is supplied with the water Jrom this valley, but 

nearly all the water is used for the supply of Ashtou ami vSaddleworth. 

Smit^shaw Supplt/. — There are four re^servoirs on this gathering 
^ouod, Higher Swineshaw, Lower Swineshaw, Brushes, and Widker 
Wood ; the latter being used only for compensation purposes. A bye-wash 
Ttuui alongside the reservoirs and can be used either to carry storm and 
OTerflow water to compensation, or to convey water from a higiier to a 
lower reservoir. It is connected above with Swineshaw Brook^ and 
nmt along the east side of Higher Swineshaw, receiving on its way the 
OftHtovt water from the reservoir, as well as the drainage from peat? 

* Tb« burreyt are arranged alpliabeltoally and bear no relatioa to the dmtea of 

Taction. 
Tbi» is a joiat committee, coiubiniog fire lacil autboritiej ineorporHted by Act 
of PacUumeat iu IB7U,aad in which tbi; Mus^ ley Corporation posaeM a c»&e aiotli 
ibart of the cnpittii, iu virtue of ^ihicb ibey are re presented on the Comiuitttfe of 
liaiiiiff«*Ettt'at by two aiembera of tbe Town Uouocil, Apprnut«»l by that bodj. 

X It ii intended to conatruct inother reaerroir in the Qre«Qfield Vallej la the 
Wicdiato f atare. 



nsSTS, 




moorlAital and ihe wjkt^r rrocL e^rcai i i^i^s, uoe of which is known as 
Wicken Spciog. bat whfolu for ihe parpoees of description, may be 
cUsged togethter &« ihe ^ilckea Spcinssw Th^ bje-wmsh is continued 
down the wetct side of Lower Swin<esliaw and receivers above the outlet 
water mxn Higher Swineshdiw. and opens lower down into Lower 
Swine^haw. Bejond Lower Swioe«faaw it joins the natural bed of the 
stream in Swiikcshaw YalLeT, an*! the water ii this stream discharges 
into the opper end ot Bnx<he:« Beserroir. or can be carried by a furUier 
coctinoation of the eh^Lnn^I pa5t Brashes to Walker Wood Compensation 
Re<erToir. Taking tiie reserroirs in order from above downwards. 
Higher Swine$haw Ce'^rrvoxr b situated at a height of 957 feet above 
sea leveL and is sr.pplied with water from the foDowin^ sources : 
Wicken Brook opea< into tbv north-west angle of Higher Swineshaw, and 
ic drains a large area of moorUnd. bat receives besides sGrface peaty water 
a considerable amoant of ^p'Tng water. Along the north side of the 
reservoir are a number of springs — Wicken Springs. These are piped 
together into a common channel which opens into the bye- wash and can 
be tnriied from thence back into the regerroir, or carried downwards to 
Lower Swineshaw or to Brushes Beservoir. Swineshaw Brook, the 
main stream on the gathering ground, drains a considerable tract of 
moorland. It opens into the north-east an^ of the reservoir, or can 
be turned down the bye-wash. A small peat drain opens into the west 
side of the reservoir, and a number c^ small streams draining very peaty 
land (Boar Flat) open into the bye- wash on the opposite side of the 
reservoir. Lower Swineshaw is situated at a height of 708 feet above 
sea level. It can le supplied either with the outlet water from Higher 
Swineshaw, or by means of the bye-wash with the water from the 
Wicken Springs and Swineshaw Brook. It also receives the water from 
three small streams on the ea>t side. The water from Lower Swineshaw 
is used for the supply of the town of Mossley and a portion of Stalybridge. 
Brushes Reservoir is situated at a height of 649 feet above sea level, and 
t'igether with the water from the Greenfield Valley supplies Ashton— 
Stalybridge and Dukintield being supplied from Swineshaw only. A 
.saiail amount of water, chiefly from hillside springs, enters the south side 
of the reservoir, but the maiu source of supply is from the strt-am wbich 
naturally drains tliis valley antl into which the bye-wash opens after 
leaving Lower Swineshaw. This stream enters ihe upper end of 
Brushes Reservoir, and the water in it can be diverted down the 
continuation of tte bye-wash past Brushes to Walker Wood Compensa- 
tion Reservoir. It remains to note, hoi^ever, from what sources the 
alK>ve stream is fed. Between the point of entrance of the bye-wash 
and Brushes Reservoir, a certain amount of water drains from the 
southerly hill slopes to the east of Brushes into this stream. This water 
tofjcther with the water flowing into the south side of the i-eservoir is 
not, ho\^ever, sufficient to feed Brushes. There is a considerable leakage 
from LowcT S»vinesha\y Reservoir and this water enters the stream. 
Kuither, the water from Higher Swineshaw can be utilised by means ot 
i\u' l)ye-wu3h, and it is to be noted that it is possible to supply Bntshes 
from the sprinfrs l>efore menlioueil, and Swineshaw Brook either mi^ed 
or unmixed with Higher Swineshaw water. It does not appear to be 
the custom to supply Brusliea with Lower Swineshaw water, and the 
ehiof reas»^n is stated to be that the leakage from Lower Swineshaw 
makes it undesirable to keep the water in that reservoir at its proper 
h'vel. Walker Wood Reservoir which is used only for compensation 
pur| OSes, is supplied with flood water and the overflow from the above 
reservoirs. Jn conclusion it is to be noted that Asbton is supplied with 
the mixed water fiom Brushes and Yeoman Hey Reservoirs, or from 
the sprin;;s in the Greenfield Valley. Mossley is supplied from Lower 
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SwinesYuiWy bat a small |)ortion of the low lying part of the town can be 
supplied with the Greenfield water. None of the water is submitted to 
•Qj process of nitratioc ; prior to December 1894, no treatment of the 
witer was adopted, but since then the water from Higher Swineshaw, 
before enteriug Lower Swineshaw, has been treated with whiting, 
(iboot 1^ grains to the gallon), and this treatment has been continued 
ap to the present time, 1897. 
The following notes on the waterworks are of interest : — 

Bainfa/l. 

Ayerage yearly rainfall in Mossley : — No record. 

„ „ „ on Swineshaw gathering ground : — Average of 

10 years, ^7'o6. 
J, „ „ on Greenfield gathering ground (Yeoman 

Hey gauge) :— 489. 





Capacity y S^,j of the 


Reservoirs, 




Name. 


Capacity. 


Depth. 


Area. 


Teomin Hey 
Higher Swinoshaw 
Lower Swineshaw - 

^'•IkerWood 


- 


Gallons. 

208,000,000 

168,908,000 

55,500,000 

52,165,000 

202,084,000 


Feet. 
65 
53 
33 
44 
61 


About 28 acres. 

:: 7-^ :: 

,. 25J „ 



Consumption of Water, 

About 30 million gallons weekly including compensation of 10,700-000 
fi[«llons weekly. 

Drainage Areas, 

Greenfield ** - - - 1,170 acres. 

Swineshaw - - - 1,300 „ 

^iiy Rainfall on the Swineshaw Gathering Ground from August 12, 
1894, to September 12, 1894, inclusive. 



1894. 




Rainfall. 


1894. 


Rainfall. 


— .._^__^^ 










^*lUtl2 - 




Inches. 




Inches. 


- 


0-20 


August 29 




>» 18 


- 


0-06 


„ 30 - - 


— 


»• 14 - 


. 


0-31 


„ 31 - 




15 




0-32 


September 1 - - 


— 


16 




002 


„ 2 - 


— 


17 




— 


„ 3 - - 


— 


18 




0-41 


„ 4 - 


006 


19 




0-75 


„ 5 - - 


0-32 


•» 20 - 




010 


„ 6 - 


— 


»» 21 




0-07 


„ 7 - - 




*» 22 




— 


» 8 - 


— . 


»- 23 




0-09 


„ 9 . - 


— 


»» 24 




— 


„ 10 . 


— 


». 25 




0*32 


„ 11 - - 


— 


»» 36 




0-02 


„ 12 - 


— 


». 27 

». 28 




0-04 






- 


Total - 


3-09 














F 2 
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Daily Rainfall on the Stvineshaw Gathering Ground from Aftgust 
1895, to September 25, 1895, inclusive. 



1895. 


BainfaU. 


1895. 


BaiDfall. 






Inches. 






Inches. 


August 25 




005 


September 11 • 


. 


0-60 


,. 26 




1-40 


12 


- 


— 


„ 27 




0-90 


13 - 


- 


— 


„ 28 




0-02 


14 




— 


.. 251 




0'08 


15 . 




— 


„ 30 




— 


16 




— 


„ 31 




— 


17 - 




— 


September 1 - 




— 


18 




— 


a 




— 


19 . 




— 


f» o - 




0-26 


20 




— 


»» 4 - 




0-45 


21 . 




— 


)i - 




0*04 


22 




— 


„ o • 




0-50 


28 . 




— 


>» • " 




— 


24 




— 


8 

9 . 
„ 10 




— 


25 - 




— 




0-10 


Total - 


- 


4*40 



Daily Rainfall on the Green^ld Gathering Ground from October 
1894, to November 1, 1894, titc/tmve. 

Yeoman Hey gauge. 



1894. 


BainfaU. 


1894. 


Bainfiai. 






Inches. 






Inches. 


October 1 


- 


— 


October IS - 




01 


„ 2 


. 


— 


„ 19 




— 


„ 8 


- 


— 


„ 20 . 




2-5 


.,4 


. 


— 


„ 21 




0-1 


„ 5 


• 


01 


„ 22 • 




— 


,. 6 


- 


0-2 


,1 23 




0-2 


„ 7 


- 


0-1 


„ 24 ^ 




0-7 


» 8 


- 


— 


„ 25 




10 


,, 9 


- 


0-4 


„ 26 . 




10 


,. 10 


- 


— 


„ 27 




^ 0-1 


„ 11 


. 


— 


^ 28 . 




0-8 


» 12 


. 


— 


„ 29 




0-5 


„ 13 


- 


— 


„ 30 - 




— 


„ H 


- 


— 


„ 81 




01 


„ 15 


. 


-* 


November 1 * 




0-S 


„ 16 
„ 17 












- 


— 


Total 


- 


7-6 
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BO'iy -Rainfait an ~the iSwineshaw Gatherrnff Grotrndfronr October 1 , 
1894, to November 1, 1894, inclusive. 





1894. 




Rainfall. 





1894. 




! R«i::rail. 

! 










Inctes. 






1 

Tncbe«. 


Ocrcberl 


- 




— 


October 18 - 


_ 




3i 


2 


- 




— 


»» 


19 


. 




»» 


3 


- 




— 


>» 


20 - 


. 


1*62 


91 


4 


- 




— 


»» 


21 


- 


005 


91 


5 


- 




005 


>» 


22 - 


. 


— 


»t 


6 


- 




0-10 


»» 


23 


- 


0-14 


»i 


7 


. 




0-05 


>f 


24 - 


- 


102 


»j 


8 


- 






t> 


25 


- 


1-51 


■»» 


9 


• - 




0-41 


it 


26 - 


- 


0-70 


»• 


10 


- 


• " 


0*09 


>* 


27 


- 


0-07 


,, 


11 


- 




— 


»» 


28 - 


. 


0-16 


»» 


12 


- 




— 


»> 


29 


- 


0-91 


• » 


13 


- 




— 


r 


30 - 


- 


0'03 


9> 


U 


- 






>» 


31 


- 


0-09 


•• 


15 
16 
17 


- 




001 


November 1 - 


- 


0-13 


9 


- 




— 




Total - 


- 


714 



Weekly Rainfall on the Swineshaic Gathering Growvdyfroni 
October 1893, to June 1896. 



Date. 


Rainfall. 


Date. 


Rainfall. 


r^ 1893. 


Incbes. 


1894. 


Incbes. 


October 7 - 


0-98 


April 28 - 


0-57 


=.14 - . 


1-32 


May5 - 


0-62 


„ 21 - 


0-15 


„ 12 - - - 


1-24 


-Wy »» 28 - - 


110 


„ 19 - - 


018 


1-05 


., 26 , - . 


015 


„ 11 - - 


0-23 


June 2 - - 


0*87 


18 . 


0-44 


„ 9 - - - 


2-74 


^^•'i^mber 2 - 


201 
0-68 


„ 16 - - 

„ 23 - - - 


107 
0-33 


« 9 - - 


0-95 


„ 30 . - 


0-lb . 


» 16 - 


1-51 


July? - 


0-24 


„ 23 - - 


1-54 


„ 14 . - 


0«48 


„ 80 - 


0-57 


„ 21 - . . 


2-80 






„ 28 . 


0-96 


3^^ J«^^- 




August 4 - - 


2-54 


*^^04iry 6 


0-05 


„ 11 - 


1-40 


»3 13 - 


0-46 


„ 18 . - 


1-32 


». 20 . - 


1-47 


„ 25 . 


1-83 


*^tMriiaiy 8 - - 


1-07 


September 1 


0-06 


1-10 


8 : 


0-38 


»» 10 . 


2*66 


15 


Nil. 


». 17 - - 


1-13 


22 - 


0-45 


^^ »» 24 • 


0-48 


29 - - 


0-19 


"""^^or^li 8 


2-14 


October 6 - 


0-15 


»» 10 . - 


2*64 


n 13 - - 


0*55 


*» 17 - - 


119 


., 20 . 


1-68 


^ 24 - 


0*04 


„ 27 . - 


3-49 


AprU ?^ : - : 


0-09 
0-51 


NoTember 3 - 

10 . - 


1*50 
1-40 


»» u. . - 


0-43. 


17- 


1«28 


»»• ;fl 


0-63 


„ 24 . . 


0'19 


Jill-' r 
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Date. 


BainfiiU. 


Date. 


Rainfall. 


1894. 


Inches. 


1895. 




iDchef. 


December I - 


0-05 


September 21 - 


• 


NiL 


8 - . 


0-36 


M- 


• 


Nil. 


„ 15- 


1-34 


5 . 


. 


8-24 


22 - - 


2-41 


October 12 - 


. 


0-86 


„ 29 - 


0-44 


„ 19 


- 


0-84 






„ 26 . 


. 


0-68 


1895. 




NoTember 2 - 


- 


0-20 


January 5 - - 


0-28 


9- 


- 


0*59 


„ 12 . 


Nil. 


16 - 


- 


1*61 


„ 19 - . 


1-04 


23- 


- 


0-49 


M 26 - 


1-22 


30 . 


• 


0-30 


February 2 


Nil. 


December 7 - 


- 


1-79 


9 - - 


Nil. 


14 - 


• 


1-91 


„ 16 - 


Nil. 


81- 


• 


002 


2:j - 


005 


28 - 


. 


0-51 


March 2 


0*83 








9 


0-51 








„ 16 - 


017 


1890. 






..23 . - 


1-50 


Januarj 4 - 


- 


82 


,. 30 . 


1-95 


„ 11 


• 


0-10 


Apnl 6 


1-16 


., 18 - 


- 


1-88 


„ 13 - 


Nil. 


„ 25 


- 


0-46 


„ 20 . . 


0-26 


February 1 - 


. 


0-24 


„ 27 - 


0-74 


8 . 


• " 


0-56 


May 4 - - - 


0-52 


15 - 


- 


017 


» n 


Nil. 


22 - 


• 


0-88 


„ 18 . - - 


1 005 


2« - 


. 


2-98 


„ 25 


' 0-71 


March 7 


. 


2-42 


June 1 - - - 


0-46 


„ 14 


. 


1-02 


„ S - 


05 


„ 21 


. 


101 


„ 15 - - - 


018 


,. 28 - 


. 


1-64 


„ 22 


0-06 


April 4 


- 


0-19 


„ 29 - - - 


! 2-20 


„ 11 


. 


0-52 


July 6 


I 01 


,. 18 


. 


0-80 


,, 13 - - - 


1 0-91 


„ 25 


- 


0-16 


„ 20 


! 1-98 


May 2 - 


. 


0-70 


„ 27 - - - 


, 5-25 


M 9 


. 


Nil. 


August 3 - 


' 0-28 


„ 16 - 


. 


Nil. 


„ 10 - - 


1-34 


„ 28 


- 


0-82 


» 17 - 


, 1-36 


„ SO - 


. 


Nil. 


„ 24 


0-31 


June 6 


- 


0-85 


„ 31 - 


' 2-45 


„ 13 - 


- 


0-!7 


September 7 - 


1 1-25 


„ 20 


- 


0-61 


14 - 


0-70 

1 


„ 27 - 


" 
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Notes on the Characters of the Gathering Chroundt, 
Greertfieid Suppiy Tiio gatheriDg ground is entirely composed of 
iiioorland. Peat covers nearlv the whole of the drainage areay but the 
deposits are uot deep, even on the higher portions of the coUectmg 
ground, and on the slopes of the hills*, the ilisintegrated rock undeii^lng 
the peat frequently appears on the surface as sand beds. There ftre 
arcao on the gathering ground covered with the growth of coarse 
pasture gi-ass, and elsewhere heather is abundant. I'he drainage from 
the soil is for the most part rapid, nnd the slopes of Ihe hill§ in many 
instances are very abrupt. There are but few [^aces where the rain 
can stagnate in peaty soil. For a moorland gathering ground the pro- 
portion of spring water to surface water h ahore the average^ The 
conditions are not so favourable towards the upper reaches of GreenHeid 
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Brook, and on the hill- tops oa the west sttlc of the re5M3rvoir, From 
the^e places a considerabli? amouut of sui face imity water gains ecces.^ 
to the waterworks. The large body ot spriug water, however, [.ssuiti^ 
from the hill-sidea to the west of Yeoman Hey is ao importiiiit feiit^ire 
of this supply. The geological formation is millstone ^riL The larger 
streams supplyincj the reservoir run on rocky and sandy beds, and as the 
denadation of the steep hill sides h very cousideriiVde, a large amoual 
of difeiaieg^rated rock and sand and polity matter is washed into tho 
waterworks. 

Swi/teshatp Supply. — ^This is a moorland giiUienng ground, but the 
amount of peat varies very mncH on different portions of tho drainage 
area. Speaking generally, peat is m<ist abundant superlieially and in 
depth CD the higher and Hatter parts of the ground, especially in the 
neighbourhood of higher Swineshaw, Lower down, near Brushes, the 
hill slopes are very abrupt, and the peat beds are not so extensive, and 
are thinner. 

The rock underlying the peat is milUtone grit, and in the vicinity of 
Brushes Re^ersroir it appears on the surface in many places, the surface 
soil being here very thin. The vegetation i^ cldL'dy heather on the tops 
of the hilb, and heather ami rough pasture grass lower down. The 
drainage from the soil is most mpid near Brushes, where the hill sides 
are precipitous and the covering soil thin. It is least rapid at Higher 
Swineshaw, wheie the groand is muih flutter, and where the surface soil 
consistjs u! peat, which in uinny places is ,sc*veral fe^^i in depth. A point 
of importance is that, altlioiigh the aniouut of peaty water entering 
the waterwork?i is very consideridile, the propordon of spring water to 
surface water is gre.iter than is usually found to he the case in water 
6up[dies of moorland origin. It is uncommon to find on moors situated 
»t such a height above sea level, so abundant a supply of spring water 
us ig given out by the Wieken and other sprin[*s tit f Jigher Swineshaw. 
There is a considerable amount of peat in the bed of the Swineshuw 
Reeervoirs, and also a little in the bed of Brushes Beservoir, 



Conditions found to exist on the Gathering Grounds on Septembtr 
12, 1894, November 1, 1894, and ."Sf-^pf ember 25, 1895. 

On the first occasion, only the Swineshaw giithering ground was 
^'isiteil ; on the second, both the Swineshaw and Greenfield ; and on 
Heptetnljer 25tb, 1895, the Swineshaw only. The daily rainfall for the 
fnunths prior to each of the above dates is given in accompanying 
Uibles. Lacmoid wa^ used in testing the reaction of the various waters. 
Xiaboratory experiments show that when a moorland water gives ji 
tieutral re-action with this reagent, the water practically has no plnmbo- 
Bolvent ability, but that when the reaction is acid the water dissolves 
lead to an extent depending on the amount of acid» 

On September 12th, 1^94, the following results were obtained: — 

The water io higher and Lower Swineshaw and Brushes re-servuirs 

iras tested at various points, and the Swineshaw Beservoirs were feutid 

I lo be diiitincily acid, antl Brushes Reservoir neutral. The main ijdet 

«ixeam to Brushes was neutral, and the other streams (which "are rhietly 

fed from springs) suppiyiu"^ this reservoir, Lad a similar rcaclii»n. 

Three small streams entering tfie ea^t side of Lower Swineshaw were 

neutral, but the water reaching the reservoir from Higher Sv^'iiieshaw 

"waa acid- Swineshaw Brook antt Wieken Brook were neutralj as was 

also the water from each of the five Wieken Springs. A small j>eat 

drain on the west side of Higher Swineshaw wim very acid, and some 

distinctly acid water was gaining access to the bye-wash from Boar Flat, 
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which is a petty expans^i of moorlanci ou the east side of Hi 

Swlnesliaw, 

On November 1st, 1894, iho same i^esults wei-e obtained, except thai 
Swinenhuw Brouk and the main inlet stream to Brushes were ueii 
instead of ueutral. On this date It is to be noted that the streiuns wer 
running luller than on Septieml>er 12th. 

On Sepi ember 25thi 1895, the same resulw were obtained 
Septcmlier of the preceding ye«r, with the following important exccj 
tinn ; — Lower Swinesliavv RcHTvoir, which was found to be acid on th( 
two foiiner occaijions on which it was tetited, was now practically 
neutral. Tbir* result is to be explained by the fact that since December 
18D4, the water supplying Lower Swineshaw from Higher Swineshaw 
was treated with whiting. 

On November l»t, 1894, the following resttlts were obtained in the 
Green 6eid Valley : — The water in Yeoman Hey Reservoir wajs tested bI^M 
various points, ocd ii was found to be acid in reaction. Green field^| 
Brook was traced for some dl-^ lance up its course. It was acid, and one 
of it5 main tributary fcKlers had a similar reaction, and when traced 
upwards was found to divide into two acid streams, both draining land 
peaty in character. The two ^mal) streams which contain chiefly 
ferruginous pea(y wa(er and witieh enter the reservoir at its north-east 
and tjontb east angles, were found to be neutral. As regards the spring 
water on the west side of the reservoir, all the springs were carefnllyl 
te&ted and they were neutral in each ca&e. The mixed spring water inf 
the s-etiling and htrainiog tanks was aUo tested, and gave a simitarj 
result. On the ubove date most of this spring water was being sent 
direct into con gumption without pas^'-ing fir^t through the rtserroir. 

On October 26th and 27tb, 1893, Dr. S. Moncktun Copeman visited! 
the Swinetiiaw and Greentield gathering grounds, acting nnder Ihci 
direction of the Locjd Government Board, and in couj-cqucnee of al 
report to the effect that kad poisoning, due to water supply, wa* veryj 
prevalent in the town of Mossley. The results of Dr. Copeman*s testa 
correspond with the above. Thus he found Higher Swineshaw, Lo>;ier1 
Swineshaw» and Yctiman Hey Eejfervoirs acid, and Brushes neutral. 
He aho found that the springs in the Greenfield Valley gave, when 
tested with litmus paper, n neutral reaction. Dr. Copeman showed 
conclosively in bis report thnt lead po5?oniDg was prevalent only in^ 
those diHtricts supplied with eeid water from Lower Swinesbaw KeseP'^ 
voir, and that where the neutral water from Brui^hes Reservoir and fron 
the Greenfield Springs was supplied lo the inhabitants, there was nc 
lead poisoning- 

Sfimples of water were collected for more detailed examination from 
the following sources i — Yeoman Hey, Brushes, Higher Swineahnw, and 
Lower Swinesbaw Reservoirs, and irom Springs No* 1, 2, and 3, te 
Brushes Reservoir. Samples of water were also obtained from the 
Wickeu Springs^ and further samples from the above-mentioned reser*J 
Toirfi. The results are given in an accompanying table, and may b€ 
briefly described as follows i — Tbe sample of Yeoman Hey Reservoir 
which wns collected from the side of the rcserroir on September 14th* 
1894, wns acid, atd acted apprceiably on lead. The samples olitainecl 
from the '^ outlet,*' I he one on February 20th, and the other on Octobel^B 
2Ctb, 1894, were neutral, and free from plombo-solvent ability. It isi™ 
to be noted that en November 1st, 1^94, (he reservoir wiis tested at 
varicuB points, and was found to be acid, and that Dn Copeman obtained 
similar re^ultB on October 27th, 1893, It is poetiible that the cai^etaker 
of the waterworks may have mieMnderstood his instructions, and col- 
lected the neutral samples from a point near the entrance to the 
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oir of the Greenfield Springs. Brtisbes Reservoir water — four 

s&mples — was found to be neuti-al, and free from action on lead. Lower 

Swinesbiiw reservoir water was distinctly acid, and acted decidedly on lead 

oa September Hth and October 20th, 1894, bat on September 26'tb, 1895, 

after the lime treatment had been in operation for a eondderabte time. 

the water was practically neutral^ and free from plumbo-solvent ability. 

All the sampler of water from Higher Swioesbaw Reservoir were 

ilijidnctly acid, and possessed of considerable plum bo-solvent ability. 

The Brushes Springs, and Wicken Springs, and Wicken Brook were 

neutraL Equal parts of the water &om the Wicken Springs, when 

mixed together, gave a neutral reaction and showed no plum bo-sol vent 

I ability. Equal parts of this mixed stpring wattir and Higher Swineshaw 

VHter gave, when testetl, a neutral reaction, aud did nat dissolve lead. 

ThisreBuU is of interest, as it indicates that moorlaDd tiprings are not 

I onlr neutral, but poiisessed of some acid neutralising ability. Higher 

I ^witieshttw Reservoir water^ after treatment with lime, was practlcullv 

I ncntiul and free from action on lead. It is to be noted that all the 

enters were very soft. It might be expected that thp water derived 

I imm the Wicken Springs would be decidedly harder than the water in 

itbe reservt>irs. No such great difference, however, was found to exist 

[between the two, and this result corresponds with whit has been noted 

^ mi other collecting grounds having similar characters. It appears UHual 

lofind the spring water very soft on moorland gathering grounds which 

are situated at a great height above sea level, and where the geological 

formation is millstone grit. It is of interest to note that the lime 

ipeatment had the effect of sensibly hardening the water in Lower 

Swiueshaw Resen^oir. 

S»iiDple8 of Mossley main water were obtained at regular interval?, 
and over a considerable space of time. The results are given in 
separate tables, and will be discussed in a different section of the report. 
It may be stated here, however, that the result** showed that Mog^^ley 
wa& being supplied with u water possessed of acidity and plumbo- sol vent 
ability. This was the case prior to the lime treatment. Afterwards 
the condition of the water improved materially in these inifKuiiant 
respects. As has been already iDdicaled, the town of Mossley is 
J'uppli^ with water from Lower SAvineshaw Reservoir. 

Setnarki on the Results yielded by the Chemkul Examination of the 
Wateri in Reference to the Ohuerved Character 9 of the Gathering 
Grounds, 

Onet^ld Supply, — The acid condition of Yeoman Hey Reservoir 

^ter on November, 1894, is easily to be liccounred for when it is 
rctnembered that Greenfield Bri:>ok the main inlet streiim to the 
refiervoir waa also acid. The acidity of Greenfield Brook apjiears I0 be 
^"e to the peaty naturG of the surface soil drained by it. That this 
■^Pply is not more acid is to be accounted for by certain redeeming 
'eilurea on the drainiige area* These have been already indicated, e.g.^ 
^eUrge amount of neulnd spring water as well as of acid j>eaty water, 
Mie shallowness of the pent bedi?, the abrupt slopes of the hilLs allowing 
*^f fapid drainage, and the comparative absence of areas such as exist on 
**• tnany moorland gathering grounds where the rain can saturate and lie 
*^ant in peaty soil, *S:c,, tic. 

It is not improbable that Greenfield Brook supplies Yeoman Hey with 
* ueutml water during its dry weather flow, and with a very acid water 
^^ag .storm time. In the former case tlie water would be chietly 
^'^Hved from bill-side springsi anil in th^^ latter case from the surface 
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<irttifn«r*' *>f peiit. In iutemiediate condition? of the riiiiifall the wal 

la probably onlrsligbtly ncid. 

Switie^hatt S apply, — The acidity of Higher Swineshaw Besei 
might Imve been anticipatal from the descM'iption of th*^ characters 
its wati^rshed. Thus it was shown that pi^nt wa.s abnndant stiperliciallj 
and in dejith, that the drainage from the surface soil was not altogcti 
satisfactory, and thut tht^ro were places on the gathering grountl wh 
the rain satoratetl and lay .stagnant in pealy soiL It is to be nol 
that Swineshaw Bnx>k, the main inlet stream to the resen'oir, 
neutral on September 12th, and acid on November 1st, 1894, On the 
former occa*ion ihe brook contained chietly spring v/atcr and very lilUe 
surface water, and on the latter date, owing to the preceding rains^ 
wa8 supplying ihe waterworks with a large quantity of surface pi 
water, and proportionftiely less spring water. The peat drains from 
Boar Flat probably always yieUI an acid water, and the Fame may be 
said of the ,^mall peat drain ou the opposite side of the reservoir. 
Wickeu Brook, although found to be ncutnd on each occasion on whidi 
it was tested, may po«sibIy yield an acid water under cs^ceptional 
circunLstances, ej;>^ during a heavy flotxl following on a peno<l of 
drought. The Wickcn Springs doubtless always yield a neutral water, 
but this water apparently is not usually permitted to enter Higl 
Swineahavv, and is carried instead down the bye-wash, and can be pas 
into Lower Swineshaw, or into the main stre^im to Brushes. It 
apparent from Experiment 2o of (he nceompanying table that thiis sprij _ 
water is not only neutral, but possessed of considerable acid neutralising 
nbility, and thai if turned habitually into Higher Swineshaw, it wc^uld 
materially reduce the acitlity of the water in that reservoir. The acidity 
of Lower Swineshaw is to be traced to the acid water which it receir< 
from the Higher Ueservoir. Pos^^lbly also the three streams^ whi 
enter the reservoir on the east side, may sometimes yield an acid wat 
although on the occasions on which they were tested they were found 
to he neutral. Ou corresponding dates, Higher Swineshaw was more 
acid than Lower Swineshaw, and the explanation seems to be that the 
Lower Ke^ervoir receives a neutral w%iler from the Wicken Spring>!, 
The neutiml contlitiou of Brushes Reservoir is of considerable interest. 
It is to be noted that ihe characters of its watershed are very different 
from those at Higher Swineshaw, e,//., there is less peat, better drainage 
from the sijtil, and more spring water, Ac, &c* Othrr poiois to be 
noted in this connexion are as toUows : — Tl»e bed of Brushes is not 
nearly so peaty as in the case of Higher Swioeshaw Reservoir. There 
is a very consideralde amount c*f leakjige from Lower Swineshaw, and 
the water from this source, after liltering throucih the rocks, tinds its 
way into the main stnam leading to Brushes. This probably aecoiiutii 
for the ncutrnl condition of Brushes main stream, observed on September 
12th, 1894. It is true thnt en November 1st, 1894, this water %vas aci< 
but on that dale a hirge Jimount of acid water from the upper parts 
the collecting ground was reaching tlie stn^am by way of the bye- was! 
It IB to be noted also that it ia po sible to supply Brushes with the 
neutnd water from the Wielcen Springs, This wouhl of itself be 
sufficitut to account for the reaction of Brushes. Some little diiHculty 
vviis experienced m getting precise information on this head. Thus, 
wheti the gathering ground was visited on September i*2th, ?H94, the 
impression was received that the water from the Wicken Springs was 
occasionally odndtted to Brushes. On the second visit, hovever, the 
waterworks authorities corret'ted this impression, and explained that 
the spring water was passed into Lower Swineshaw. ** 
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AsHTON-UNDKB-LTXBy StALYBRIDGE, AND DUKIXFIBLD WATERWORKS. 

Table 1. — Chemical Results. 
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Survey No* 2. 
BACUP CORPORATION WATERWOHKS. 

Sk>URCE3 OP THE Water Scpplv asu General Deslriptkix of 
THE Waterwukks (purchased by the Corporation of Bacup 
from the Rossendale Waterworks Company ia the Year 
1804). 

The present sypply is obtained fmm 285 statute acres of moor land 
gathering <rround^ situate on the soudierly side of aud within the 
borough, embracing the loenlities koown under the nariies <.»f Holdeo, 
Brand woo'l, aud Higher End Moors, Height Baru Moss^ and Jjee 

M0S4. 

Tiie water from the gathering grounds drains imturally into three 
moorlanil slreami^, the eentral one of which is known aa ** Veneuious 
Cioiigh/^* and into which the waters from the three streams are collected 
by meaLS of a covered stone oatchwater drain, and s!ored in a small 
reservoir formed by the construction of an earlh emhaukmeut across a 
narrow gorge. 

From this small reservoir (in Venemons Clough) the water h con- 
veyed by means of an ISincli iron pipe across an intervening vidley to 
settling tftnks situate at the inlet of the Sheephouse Storage Reservoir, 
which has been construe! ed to intercept peat, sand, and other matters 
in suspension before the water enters the Sheephonse Reservoir. 

From this Sheephoose Re^-^ervoir the water at present is conveyed to 
and distributed for use in Bacup without filtration or other treatment, 
hut extensive works are now in course of construction at the foot of 
Sheephonee Reservoir endmtikment for efficient filtration, dccolourisa* 
lion, and purification of the water through sand filters, polarite, and 
charcoid, and also to coiniteract the solvent action of the water on 
lead by an admixture of calcium carbonate or such other chemical as 
shall be found necessary to remove the solvent action of the water on 
metallic lead. When these works are completed it is expected that the 
water eupply of the district will be perfectly satisfactory* 

No fipecial provision iias been made for the exclusion of storm water 
other than its passage into a compensation reservoir for the statutory 
supply to the mills on the stream. 

The pariien!ari as to gathering grotiudi rainfally capacity of reservoir, 
consumption, &c., are as follows: — 

Gaiherinff Ground, — 285 statute acres. 



Average Rainfail (esiimaied * — 

Catchment area 

Bacup borough - - - 



• 44 Inches per annum. 
- 41 ,. 



* Foe coaTeatence of descriptiitu the#e ih% fe mooiliai fitrtfRTni will be reierr^ to 
Wnvmous Clau^h No. I, No, 9 (the eeatnd one}, and No, 3. 
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There is no rain gauge npon the gathering ground. The amount 
of rainfall here stated is based upon the rain-gauge I'ecords of the 
adjoining catchment belonging to the Hejwood Oorporation, 
extending over 50 years. Daily records cannot be supplied. 



SheephotLse Storage Reservoir : — 

Total capacity - - - 29,000,000 gallons. 

Top water, above sea level - 1,004 feet. 

Depth - - - - 27 „ 

Surface area when full - - 6 statute acres. 

Consumption of Water. — Estimated at 200,000 gallons per day. 



Characters of the Gathering Ground, 

The gathering ground is entirely composed of moorland. The 
vegetation consists of coarse pasture grass, heather, and moss. 

Tlie surface soil is very peaty, indeed, nearly the whole of the 
gathering ground is covered with a thick layer of black peat. Under- 
neath the peat is sandstone, shale, and flagstone. 

Although the 'slopes on the moors are sufficient to drain the land, the 
peat is so abundant superficially and in depth that an enormous quantity 
of water must be held in its interstices, and a considerable pt)rtion of 
this water during flood time is washed into the supply, fouling it to a 
serious extent. The amount of spring vrater or of water altered in 
character by its passage over or through rock is not great. There are 
places on the gathering ground where the rain not only saturates the 
soil but lies stagnating in peaty and mossy pools and in marshy places. 
Briefly the characters of this gathering ground are such that a very 
great quantity of peaty water must enter the waterworks especially in 
flood time, when the Sheephouse Beservoir is being refilled after a 
drought. The Corporation are, however directing their best attention 
to improving the present supply (as previously stated) and also to the 
provision of a new scheme of supply for the district. 



Conditions found to exist on the Gathering Ground on March 30, 

I89t>. 

Owing to rain the streams were running fuller than normal, and the 
water both in the streams and in the reservoirs was much discoloured 
with peaty matter. Lacmoid was used to test the reaction* of the 
various waters. Sheephouse Beservoir was tested at various points, and 
the water was found to be distinctly acid. The ** inlet " water to the 
reservoir from the settling tanks was also acid. The mountain streams 
which drain a large area of moorland and which are known as Venemous 
Clough No. I, No. 2, and No. 3 were tested at various points, and were 
ibund to be acid in each instance. Of these three streams Venemous 
Clough No. 3 appeared to be the least discoloured with peaty water. 

Samples of water were collected for more detailed examination from 
Venemous Clough No. 1 and No. 2, from the inlet to Sheephouse 
Beservoir, and from Sheephouse Beservoir, the results are given in an 
accompanying table. Briefly stated the results of the examination of 
these waters showed the following. All of the waters were distinctly 
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hdd and dissolTod leari to a cotiaNlerzibh' extent. Vetiemous Clougli 
No. 1 and No. 2 were most conspicuous iu this respei^t, especially tbc 
UUtii', but the inlet water to I he resseivoir \^ hich refireseuteil a mixture 
of water from Veneroous Clou^h Xo. 1, Xo, 2, and Xo. 3 was lei» acid 
uid acteti les4i strooglj on leuX than the WAter of Shet-^-house Reservoir, 
The acidity and plumbo- solvent ability of ihi^f waiter was [nacticAlly 
rcmoi'tHl by neutralisation with lirue waiter, as is ^hown iu Kx[HM'iment o 
gf the accompiioying table. 

As regards ilie bacteriological results, it is to be noted that Sheep- 
hoQjie Reservoir contained a rautih larger number of micro-organit^ins 
tbau the ** inlet " waier to the resscrvoir. Possibly the explanation best 
in the fact that a very large amonnl of peal is w^orkcd into tlic reservoir, 
and ihi^ may produce fermentative changes in the bed of the reservoir 
fa5«ocialed with the rapid growth nnd multiidieation of bacteria. 

Later samples were obtain*^! at intervals more or less periodic frotu 
ihe ** inlet'* to and the ** outlet" from Sheephouse Reservoir. Th%* 
rv»ulLii of their examination is given in a sepiirate talkie and will l>e 
diseuised elsewhere. 



/Remark* on the Hesulu yielded by the Chemical Examination of 
(he Waters in reference to the Observed Characters of the 
Gathcriny Ground. 

Tl e marked acidity and plumbo-solvent ability which the various 
11%'ater-t were found to pos^e£s might have been anticipated from ihe 
•l<?fcription of tie characlers of the gathering ground n« regards the 
P » e«*L ce r.r great quttntitieii of iKiil and the opf^ort unity afforded the 
^'^siiii of stagnating in the soil. It lias Ijeen repeatedly uoted that water 
(rK-ntral nod free from aeliou on lead) after liltering ibr<>u*;h peat is 
«^>-ually neiil and possessed of plumbo-solvent ability. This has been 
►lii«»erved both in the case of wntrr draining from peat on moorland 
itud aUo ill the case of distilled water and niin water filtered throuu^h 
~ mples of i>eat in the laboratory. 

As regards the grent acidity of Venenious Clough Xo. ] und Xo. 2 
*^ compared wilh ** inlet ** wnter to Shee|diouse Reservoir, the following 
S>«iDt6 deserve notice. Probiibly Yenemcus Clough No. 3 contained on 

^larch 30 less «cid peuly water tbim No, 1 find Xo. 2, ami it may be 

Although this point was not specially noted — that its volume of water 

^^^'hs greater It is notunlikfly iliat the mixing of these waters* together, 

~ k-nd the sub?equent pas««ge of the mixed water for a considerable 

1 istance through iron piping and through settling tanks might reduce 

^ lie acidity. The greater acidity and pki mho solvent ability of the 

'^ <?^TToir water, as compnred with the ** inlet'' water, points to the con- 

'litions as reganls reaction nnd action on lead being sometimes reversed. 

r t may be that during heavy floods the inlet water is very much more 

^%c'id than the water in the reservoir. Exptniments sliowihat an acid 

X\,'nter under cnnditions of storage tends to deereast; Iii aridity, but in 

tlic* case of this water-supply it must be rememberea that, nolwith- 

Btauding the provision of settling tanks, a large amount of peat is 

; la* ashed into the bed of the repcrvoir, where it may prudm c iVrmentative 

t^hangcs associated with an incrrose of acidity. 

There can be no doubt, that the provision of a watereourse for U»e 
purpose of excluding storm water would Ijem^hclally affect the water 
in Sbeq>house Reservoir as regards acidity ai^d pUin^lu-solveut 
ability , 



( 
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Bacup (Rossendale) Waterworks. 
Table 2. — Ckemiccd and Bacteriological Results. 



1 

^ DeMTifrtionoftHe 
I Hamole of Water. 


Reaction 

with 
Lacmoid. 


Addity 

in Terms 

ofcc 

^Na,0O, 

required to 

neotialise 

lOOcx^of 

the Water. 


Action on Lead (Remlto stated aa Paiu 

by upward ftltiatioQ thrcmgfa 50 cx^ 

per 60 ex. 


I 

Nomtai 

Mia 

Omni 

itilc^ 






1st 
50 ex. 


tod 
60 ex. 


Srd 
60 ex. 


4th 
50 CC 


5lh 
50 ex. 


Average. 


theWi 

1 


1 

4 



Venenont Clougb 
No. 1, March Slit, 
1806. 

Venenums Clough 
No. t, March Slsk, 
1806. 

BoMnroir. March 
81ft, 18B6. 

Sheephoote Retenroir, 
March Slit, 1896. 

A portion of the 
-iHet- watOT" to 

voir (ezperiment 8) 
was neatraliaed 
with Umo water 
and kept in un. 

for two dayi. and 
then tested for 
acidity andplnmbo. 
•olrent ability. 


Acid 

Add 

Add 

Add 
Nentral 


0-78 
1-08 
0« 

0*66 

fftiint 
trace acid. 


0*6 
1-5 
0-2 
0-8 


2-0 
0*4 
1-2 


1*6 
2-5 
0-6 
1-2 


1-6 

2-5 

0-8 

1-6 
traces 


1-6 
2-5 
0-8 
1-6 

1 


i 

1-33 

2*20 

0-56 

1*28 


313 
2StS 



Survey No, 3, 
BAEXSLEY CORPORATION WATERWOUKS. 

SOCRCB OF THE WatEE SoPPLT AND GeITERAL DESCRIPTION OF THE 

Watbkworks. 

The water sn[>ply of the Bamslej Corporation is dorlveil from moor- 
land gathering grounds situate at Ingbirchwortb, near Peuistoue, about 
9 miles west of Jiamsley. 

There in only one storage reservoir — Inghirchwortk^-^Qn the gathering 
groand, and it receives its water supply from the following sources ; — 

At the south end of tbe embaukment, there u a catchtcater conduit 
which extends for a considerable distance in an easterlj direction, 
terminating in a small reservoir, calteil the Annet Royd Reservoir, aud 
drains a largo area of moorland. 

Starting from this fK>int and going round tlie reservoir in a south- 
westerly direction, the following additional sources of tuppl}' are to be 
noted: — 

JacksojCs Spring. -^ThB water from certuin hilbide springs is led into 
a chamber, and ^m thence is piped into the reservoir at a point not for 
removed from the catch water conduit alreaily alluded to. 

Spicer Hotue Brook, — This is a small stream which contains a 
variable mixture of spring and surface water. 

Blackwater, — This fitream^ which in storm time contains a considerable 
quantitj of surface peaty water, discharges into the water from Brotid- 
^OQO Dyke, and the mixed water enters tbe reservoir at it^ upper end, 

Broddstone Dyke. — This is a monnlain stream, which drains a large 
area of moorland, and which receives a certain quantity of water from 
L>unfard Reserroirs of tbe Dewi^bury aud Heckmondwiko Waterworks. 
It unites with Blackwater* and so before discliargiug into the reseiToir 
represents a variable mixture of Broadstone Dyke water, Dunford 
Resei-voir water, and Black water. 

The above are the only feeders of any importance supplying 
Ingbirchworth Reservoir. 

The water, aftet leaving Ingbirchworth Resen-oir, is filtered through 
filter bed.*?, some of which contain Trent sand and pebbles, aud oLhera 
'J'rent sand, broken gritstone, gritstone ground sand, and mountain 
limestone. After filtration the water is carried by cast-iron pipes a 
difllance of about 5 miles' to the town of Barnsley, the pressure being 
hrokeD on the way by two covered tanks, one at Hoylandiwaiue and one 
at Champany Hill. 

By agreement with the Dewsbury and Heckraondw^ike Waterworks 
Board, the Corporation of Barnsley purchase from the Board a 
minimum quantity of 20,000,000 t^^allons or a maximum quantity 
of 40,000,000 gallons peu annum, which they may commence to take 
on July 1st in each ye^r, and continue to take at the rate of 
200,000 gallons per day for a minimum of 100 days or a maximum of 
200 days consecutively. The maximum quantity has been taken only 
once, vJjK., in 1893. 

\ 
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The following notes on Bamslej Corporation Waterworks are of 
interest : — 

RainfalL 

Average yearly rainfall in Bamsley, 25*12 inches (average for the 
last 15 years). 

Average yearly rainfall on the gathering ground, 38*15 inches 
(average for the last 15 years). 



Capacity^ 4^., of Ingbirchioarth Beiervoir. 

1 




Capacity. 


Top Water I*evel. 


Depth. 


Area. 


802,000,000 ganons - 


848 feet above OrdxuUice 
datum. 


8^ feet 


Maetes. 



Consumption of Water. 

Ac the present 1,150,000 gallons for trade and domestic porpoees per 
day. 

At the present 810,000 gallons for compensation water per day for 
811 days in the year. 

Drainage Area. 

. 1,857 acres, and 53 acres of Broadstone Beservoir; total, 1|910 
acres. 



Daily Rainfall 


on 


Gathering Ground from June IlM, 1895 to 




July IIM, 1895, inclusive. 


1895. 


RainfaU. 


1895. 


Bainiall. 






Inches. 




Inches. 


Jane 11th * 


- 


0«08 


Jnnesrth - • . 


0*88 


„ 18th 


. 


— 


„ 28th . *. . • 


. 0»15 


,, latb - 


. 


— 


„ 29th • . . 


0*86 


„ 14th 


. 


— 


^ 80th 


0-27 


„ 15th - 


- 


-« 


July l8t - • - 


0-10 


„ 16th 


- 


— 


'„ 2nd - i 


O'U 


„ 17th . 


. 


^- 


„ 8rd • . - 


0-84 


„ 18th 


- 


— 


„ 4th 


0-10 


„ 19th - 


- 


-^ 


„ 5th - ^ . 


.^ 


o 80th 


- 


— 


„ 6th 


. — p ■ 


» 31»* - 


. 


— . 


„ 7th . • . . 


"-.:.' 


^ a2nd 


. 


--. 


„ 8th • •- w 


-jj. • 


„ iSrd - 


. 


— 


„ 9th . . . 


' ... 


„ 24th 


.. 


— 


„ 10th 


— . 


„ 25th - 


• 


— 


„ nth . . .. 


0-21 


^ 26th 


" 


1-25 




- 



87 



Noies an the Characters of the Gathtring Ground, 

The total area of the watershed is 1,910 acres; of this tliere are about 
12iicre3 to ench of the 160 persons living on the gathering grouud ; 
whifth compris€8 227 acres of arable land, 445 acres of meadow land, 
622 icres of pasture land, 373 acres of moorland, and 243 acres of rooda^ 
itfcmns^ reservoirf', quarries, and waste places. 

It IS especiaUr to be noted that out of the total of 1»910 acres, only 
373 are composed of moorlaiuL Tlus gathering ground, rliou, which is 
Mutlly ooadidered a'* a moorland one, if* obviously different from the 
gBaemlity of «ocalled moorland collecting grounds, Brietiy its 
dnwcters may be deicribed as follows : — 

Peat is abundant superficially and in depth on the 373 acres of 
moorland. Elsewhere its distribution is sparse, the surface soil over the 
reitof the watershed being only elightly peaty in character. 

The surface soil over most of the gathering ground rests on gravel 
iod griUtono rock. 

ipvt from the arable and meadow land, the vegetation consisU 
chiefly of coarse pasture grass. Heather and moss are abundant on the 
iDOorltnd portion of the eolleeting ground. 

The hiU slopes are steep, thus allowing the water to run rapidly 
into the waterworks supply. Towards the source of Black water and 
Broadstone Dyke, however, the conditions are not so favourable in this 
important respect. 

The proportion of spring wat^r to snrface water is greater than is 
usually found in the case of moorland water supplies, and the amount of 
iurfice water which is nuquestiouably peaty in character id far below 
the average. 

There are but few area?, such f% exist on most moorland collecting 
grooiuii^ where the rain saturates the soil and stagnates forming pooU 
*ik1 miirshy places. The only portions of the watershed where this 
"^'gbt possibly take place are on the drainage areas of Blackwater and 
liroadstone Edge. 

Of the water tlrainlng into the reservoir, the most peaty water ia from 
^*l>«d«tane Edge and Blackwater, particularly the latter. 

^fl conclusion^ it is t^ be noted that this so-calied moorland gathering 
fi'^tind it peculiar in the comparative absence ol' peat, and, iu 
cofuequence, of peaty water. 



drndUions found to exist on the Gathering Ground on 
July llih, 1895, 



PHJP'^ rainfall from June llth to July 11th is given in an accompanying 
T**^* It is to be noted that for some days previous to July lltli no 
^ foil on the gathering ground, and the streams feeding the storage 
^'Voir were in consequence very low, 

. ^^©njoid was used to test the reaction of the various waters, and it 
iiiii' ^ noted thai when a water gives a neuiral reaction with this 
ijr^tor, it will not dissolve lead to any appreciable extent under 
^?f*tory conditions of experiment. 
jfi^ water io Ingbirchworlb Keservoir was tested at various poifits, 



^H 



^aa found to le neutral in reaction. 



^^^»e water in (he catch water, in Jackson's Spring, Spicer Houbg 
^S and in Blackwater Uyke was neutral. 

Q 2 



BroAdfitone Dyke was traced for some distance towards its source, and 

was foiiud to be neutral id reaction. 

The water from the Dimford Reaervoirs — Dewsbury and Heckmond- 
wike Waterworks — which mixes with the Broadstone Dyke supply, was 
found to be distinctly add, although its acidity was not su^eient to 
alter the neutral reaction of Broadstoue Dyke. 

The water from Ingbirchworth Eeservoir was tested both before and 
after {mssiog through the filtration tanks, and it was found to be neutral 
in reaction, 

Samples of water were collected ^ and subsequently tested for aciditj 
and plumlHj-solvent ability, from Ingbirchworth lieservoir, and from 
the filter bedii contiiiuing Trent sand and pebbles, and also after passing 
through the filter beds containing Trent sand^ broken gritstone, 
gritstone ground sand, and mountain limestone. In each case the water 
was found to be neutral and free from plumbo -solvent ability. The 
results are given in an accompanying table. It is to be noted that the 
** Imrdness '* of Ingbirchworth Keservoir water is more marked than is 
usually found to be tUe case in moorland waters^ and that the ** hardness" 
of the water was greater after UltraUon through the filter beds contain- 
ing limestone than after filtration through those which contained no 
limestone. 
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Bcfftarks on the Besidts yielded hy the Chemical E^ramination of fi 
ffaters in reference to the oifserved C/mracters of tfie Gathering 
Crrottnd. M 

It is to he noted that the couditions found to exist on July 11th were 
not normal as regfvrds the rmnfalL Fer some days previously no rain had 
fallen, aud in consequence the streams supplying Ingbirchworth Reservoir 
contained chiefly spring water, and very little surfyce water. The 
importance of this observation lies in the fact thnt the reaction of 
moorland streams frequently varies according to the rainfall, being ■ 
usually neutral in time of drought, and often acid in storm time. I 

The neutral condition of leg bii-ch worth would seem to imply that the 
sum of the waters supplying the reservoir is usually neufral, or at all 
events tlmt it was so for some time previous to the dute of visit. It is 
quite possible, however, that in storm time the water in Broadstone Dyke 
and Black water Dyke, and in ihe catch water may be acid in reaction. 
Partit!ularly is this likely to be the case with the water from Black water 
Dyke, because this stream drains a considerable area of peaty land. 

It is of importance to note that the only acid water;wa3 from the 
Dunford reservoirs, and it may here be noted tliat the watershed of the 
Dowsbury and Heekmondwike Waterworks contains much more peat than 
the one now under discussion. The chemical results appear to be in 
ivccordance with the observed characters of the'gnlhering ground. Thus the _ 
amount of peat on the Barn^ley watershed is very small as compared with ■ 
most moorland collecting grounds, and the amount of peaty waier staining ■ 
access to the waterworks is not great in relation to ihe total yield of 
water from the drainage area. On the other hand, the amount of spring 
water and water not essentially peaty in character, is relatively great. 

In cori'espondence with these favourable conditions, il was found that 
the water in the storage reservoir, and in the streams supplying the 
waterworks, was neutral in reaction. 

The exeeption was found in the case of the Dunford supply, which 
was ftcidf and which cami from a source unquestionably peaty. 
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Barnsley: Cobporation Watebwobks. 
Table 3. --Chemical RestdU. 



•aiption of the Sample 
of Water. 


1 Acidity 
1 in Terms 

of cc _ . 

lacmoid. reauircdto P™?!^ 


Action on Lead (Parts per 100,000). 

The action on Lead was tested 

by upward filtration through 60 co. 

washed Lead Shot at the rate of 3 mins. 

per fiO cc. 






nentralise 
100 c c. of 
the Water. 


xw,w^l. 


1st 2nd 
50 cc. 50 CO. 


Srd 
50 cc 


4th 5th AvArnirft 

50C.C150CC Average. 

1 1 


IttuUM. Ingbirohworth 
HTToir vater, near *'out- 

UOlISOS. Ingbircbworth 

rough Trent ■huL broken 
iMoBCL gritstone intmnd 
Biand monntain limeatone. 

moRh Trent aand and 


Neutral 
Ncntnl 

Neutral 


Nential 
Neutral 

Neutral 


7-7 
90 

7-8 


0-0 
0-0 

00 


00 
0-0 

0-0 


00 
00 

0-0 


0-0 
00 

00 


0-0 
0-0 

0-0 


o-oo 
o-oo- 

0-00 
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SuTvey No. 4. 
BARROW-IN-FURNESS CORPORATION WATERWORKS. 



Source op the Water Supply and Qenebal Dbscriptiok 
OP THE Waterworks. 

The supply is obtained from moorland gathering ground at Pennington 
and Poaka Beck, both about 10 ipiles from Barrow. 

Pennington System. — ^Pennington Reservoir is supplied with water 
from a mountain stream — Rathmoss Beck — ^\?hich drains a large area oi 
moorland. This is the chief source of supply. Another and smaller 
stream enters the upper end of the reservoir and it drains land similar 
in character. The water from this reservoir is brought by way rf an 
underground tunnel to Poaka Beck Reservoir. Storm water may be 
kept out of the reservoir by turning it down a bye-wash. There is, 
however, no automatic arrangement for excluding such water. 

Poaka Beck System, — Poaka Beck Reservoir is supplied with water 
from Poaka Beck and from Pennington Reservoir. Poaka Beck drains 
a large area of moorland. A small spring discharges its water into the 
upper end of the reservoir. There is no automatic arrangement for 
excluding storm water but it may be kept out of the reservoir by taming 
it down a bye- wash. 

The water from Poaka Beck Reservoir is filtered thit>agh sand, 
gravel, and broken slate rock. After filtration the water is carried to 
the service reservoirs for distribution in the borough. 

Ireleth System, — The area drainage into Ireleth Reservoir is 'only 
about 150 acres. The bulk of the water drains land which is not peaty 
in character. This portion of the gathering ground was not visited. 

The Corporation own nearly all the land bordering the. reservoirs, 
and the streams supplying the regerroirs. The watershed is free from 
all sources of pollution. 

The following notes on Barrow-in-Furness Corporation Waterworks 
are of interest : — 



Rainfall, 

Average yearly rainfall at Barrow-in-Furnefs - 
Average „ „ on gathering ground 

Maximum „ 
Minimum „ 









Inches. 
. 3800 

- 52-57 

- 71-70 

- 35-17 





Capacity of Reservoirs, S^c 






Name of Reservoir. 


Top water 
Area of l].ine above 
Reservoir. '. Ordnance 
Datum. 


Depth of 
Reservoir. 


Capacity of 
Reservoir. 


Drainagt 
Area. 


Poaka Beck - 

Pennington - 


Acrcp. 
28-75 

22-5 


Feet. 
506 

605 


Feet. 
44 

87 


Gallons. 
190,300,000 

138,700,000 


Acres. 
720 

l,ldO 



IN-FURNESS CORPORATION WATER 



• rUWWw^^H 
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Consumption of JVater* 

The consumption of watei' varies according to the state of trade. In 
1895 the average daily consumption was about 2,432,1*00 gallons for the 
vhole district, including 400,000 gallons per day to Ulverston. The 
total rainfall for that year was 48*47 inches, 610,980,000 gallons were 
ruu to waste* 

The daily miDfall from IDth F«.*bruary 1896 to 19th ^larch 1896 
(date of visit to gaihering ground), iucluidve, was as follows s — 



1896. 


B&iiifall. 


1896. 


Eaiufoll. 


■ 


Inches, 




Inch^. 


f lebmary 1 9th * 


IM 


March 6tli 


O'll 


L », 20lh - . 


0'17 


„ 7th - 


0-75 


H n 2Jst 


0-18 


., 8th 


0*06 


H „ 2ard 


— 


„ 9th - 


0-01 


H n 24th - 


_ 


„ 10th - 


()'44 


H 25th . - 


— 


„ 1 1th - 


0-01 


H ,, 26th * 


. — 


,, 12th 


— 


■ ^ 27th . . 


U'22 


,. 13th - ^ * : 


0*50 


^r S8th • 


0-58 


„ Htli 


0-16 


2yfh 


0-70 


„ 1 5th - 


0-44 


llarch Hi 


a- 10 


„ 16th 


0-02 


^ ,, 2nd . 


0*52 


„ 17th - - 1 


0'2S 


■ ,, 3rd 


0*13 


„ I8th 


— 


H „ 4th - - . 


U-06 


„ liJth • - - 


0*S8 


P " ''" - - 


U*^0 
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Neies on the Characters of the Gathering Grounds 



' Nearly the whole of the gatheriog ground is composed of waste 
xnoorlana. 

The surface soil is more or less peaty but the amount of peat varies 
very tnnch. Thus there are Inrge portions of the gathering ground 
where the soil is only puriially peaty and is of comparatively shallow 
^epth. High up on the tiHttcr portions of the gathering ground the 
lioil is most peaty and is deeper, 

Speaking in general terms^ it may be said that considering the moor* 
iand character of the gathering ground peat is far from abundant, Tha 
Vegetation consists chieliy of rough pasture grass. Heather la alao 
oomroonj especially on the higher slopes of the hills, 

Pennington watershed is on the Upper Silfrian formatiofi, and Poaka 
Seek i>artly on the Upper and partly on the Lower Siluriau, The 
«urfaee soil rests partly on drift, grit, and shale, but mainly on drift. 

The water draining from the gathering ground has a rapid fall, and 
the slope of the hills are prccipitcus. Tliere iire but few places on the 
gathering ground where the rain stagurttes in the soil. As regards the 
liroportion of spring water to peaty water, it is to be noted that a lar^ 
proportion of the totJil yield of water is derived from gpriogi or from 
>¥ater whieh htis passed over or through the rock underlying the surface 
•oiU and that only a comparatively small amount is esv^entially peaty in 
obarncter* Tlie moorhiHd streams, before beiug collected for water- 
'^orku purposes, run on rocky and sandy beds and for considerably, 
distances. 
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Conditions found to txiH on the Gathering Ground on March 
\mh, 1896. 

The daily rainfall from Februarj l&th to Marcb 19th inclusive, i8 
given ahove. 

The reaction of the various waters was tested with lacmoid^ — a very 
delicate lest in the case of moorlnud wiiters, 

Pettnington i^^^/e?;*.— 'Kothmosa Beck was tested at Reveral poiDtiJ 
along its course and found to be neulniL The water in Pennington 
lleservoir, was neutral, as was alfc«o the water from a small mountain 
stream entering the reservoir at its upper end. 

Poaka Beck Sgstem. — The water from Foaka Beck, mxd the water 
from a spring enteriUji the reservoir at it.4 upper end, and the w*ater in 
Poaka Beck Reservoir was neutral in reaction. 

Saroph'fi 01 water were collected for more delaile*! examxnation from 
Penninglon aiitl Poaka Beck Reservoirs. The results are given in an 
aceompnnjing tjihle. Brie%, the analyses showed that tlie water from 
Pennington and Poaka Beck Reservoirs was neutrul and free from 
plumbo-solveut ability. With regard to the water tested on the 
gattiering ground, but not collected for more detailed examination, it is 
to he noted, that wlien a water gives a neutral re-aelion with lacmoiJ it 
will not dissolve lead — under bboratory conditions of experiment — ^to 
any appreciable extent. 

Remarks on ike JResults ptelded by the Chemical Fo'amituiiion in 
reference to the Observed Characters of the Gathering Gnmnd, 

It \n to be noted tlmt the water in Pennington and Pooka Beck 
Reservoirs was neutral ; hence it may be concluded that Rathmoss Beck 
nnd Poiika Beck sup)dy, under ordinary conditions, their respective- 
reservoirs with neutral water. It appears that an acid water may 
become partially neutralii^ctl under coTiditions of storage, but when the 
water in a reservoir is found to be neutnd, the presumption, nevertheless, 
Is that its inlet streams supply it with neutral water. When the water 
in a reservoir is fouwl to be acid, and its inlet streams ncntro I, experience 
shows that it is oidy in time of drought that the *' feeders'* are neutral, 
and that in Hood time tlicy are markedly acid. Buc when a reservoir 
water is neotrnl and its iiilet streams acid, then either the acidity is very 
slight or dependent on bpavy rain foUowin*:^ a period of drought. In 
this case, and under ordmfiry conditions of rain falb the acidity is usnally 
not only ** nil," but (be water has 8orae acid neutralising ability. 
Mention has already been made of a spring entering Poaka Beck 
Resenoin This water was neutral, and it is to be noted that moorland 
springs ore usually not only neutral but possess some acid-netitralisiDg 
ability. Sometimes indeed, the water from these springs, as it issues 
from the ground, is achl when tested with lacnuiid. The acidity 
(probably due to CO2) UBually disappears^ however, on exposure of the 
water to air. As explaining the neutral condition of Rsdhmoss Beck and 
Pooka Beck, the folio Vk^ing points ore to be noted. Although the 
drainage area is moorland, the amount of i>eat is not very great. There 
ie a large amount of spring water and of water which has become altered 
in character by its passage over or thro ugh the rock unVerljing the 
Burfaee soil. The precipitous slope of the liills allow of rapid su}>erficial 
drainage. There are but few places where the rain stagnates in beds of 
peat or moss. The i^treoms run for the most part along rocky andsandj 
beds, and for a eonsideiahle distance. It rs only towards their source 
that they drain land unquestionably peat 3', Lower down they are 
bordered by plantations of trees and piisture land. 




Babrow-ik-Fubhess Corporation Waterworks. 
Table 4. — Ckewueal and Baderiological Besultt. 







Aeidity. 


in* 




r _ J #•»! 


b _ ^A 
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«« 




, 


Description of the Smple 


JLtmttkm 
with 

UfBOOld. 


InTemis 
oftc. 

repaired to 

100 ex. of 
the Water. 


per 100.000). The action on Lead wms tested 
by nnwara filtration through 50 ex. washed 
Lrad Shot at the rate of Z mina. per 50 ex. 


Mkro* 
organism 
in Ice. 
of the 
Water. 


1 


Ut 2nd ; Sid ; 4th 
BOcx. 50cx.'50cx.'60c.c. 

1 
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50 ex. 


ATcnBB. 




; lUithKciuiase. 

! XaitfalNlwlM. 


Neotiml 
Neatrml 
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Xeutxml 


0-0 
00 


0-0 
0-0 


0*0 
0-0 


00 
0-0 


0*0 
0*0 


0-0 
00 


496 
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Survey No, 5. 
BATLEY CORPORATION WATERWORKS. 

SOUBCE ON THE WaTER SuPPLY AND GeNBRAL DesCRIFTIOH QF 

THE Waterworks. 



The 



ited 



supply is obtained from moorknd gulberiog ground, 
20 miles S.^^^ of Batley, on the eastern slope of the Pennine chain, 
liear the Holratirth terminal of the Lancii^hire and Yorkshire Railwa^r. 

There ar*^ three reservoirs on the gathering frroimd, and two of these 
—Riding Wooil and Ramsden — are nsed only for compensation pur- 
poses. The remaining reservoir (Yttteholine), furnishing water for 
domestic uses in tlie borough of Batley, is supplied with water from 
the three following sources : — 

(1.) Spring IVater. — The spring water, although a constant source 
of supply, is not very abundant. It enters the S. VV. side of Yateholme 
Reservoir, 

(2») Great Bent Dyke, — This Is a moorland stream whic^b contains & 
variable mixture of surface water and of spring water. During drougbtj 
the amount of surface water is very small, and io flood time very greaw' 
It enters the reservoir at its soutbern angle. 

(3.) Bamsden Clauffh, — This stream comes from Ramaden Valley, and 
is tunnelled ibrougb a hill and enters the S.E. side of the reservoir. 
Ramsden Clough, like Great Bent Diko, contains a viuiable mixture of 
surface water and spring water. 

Netberley Ciough, west of Great Bent Dyke, which gravitates into 
Ramsden Reservoins only, is a Rmilar stream to the others, but some 
valuable springs is^ue into the westerly side of it. Consequently the 
dry weather flow of this stream i^ greater than that of the other two. 

Tliere is a Avatert'onrse which coniiects Great Bent Dyke with 
Netberley Clougb and I^mmkn Compensalion Rrs^ervoir, During tioods 
tlie water from Great Rent Dyke is prevented from entering Y^ateliolme 
Reservoir, and is directed into this watercourse by means of an ingenious 
tioodgate arrangement which works automatically. 

A somewlittt similar arrangement exists in connexion with K*imsden 
Clougb. During fair weather the water in Ramsden Clougb passes 
along through a tunnel walercourse into Yateholme Reservoir. In 
flood time the water is turned down the njitund course of the stream to 
Riding Wood Compensiition Re^iervuir. This is effected by means of an 
automatically working floodgate arrangement situated in the Ramsden 
Valley. 

All the main streams and subsidiary feeders and springs in the . 
llamsden Valley behw the level of Y^atebolme Rew^rvoir are collected air I 
one point by iron conduits and regulated by penstocks and sluice valves^l 
in order to intercept the fair wt-aiher flow which would not otherwirtl 
gravitate into Y^atebolme Reservoir. This water is then taken direot] 
to Batley, instead of allowing it to run into the compensation rest^i-voirs* 
By this arrungement I he water in Ynlebolme lie^ or voir can always (if 
desired) be kept at a high level without any flood water ever being 
admitted into it. 

In cunebision^it is to be noted that Batley is supplied with water from 
Yateholme Reservoir, and the fair-weather llosv from the lower part of 
Ramsden Ciough, and tiuit Yateholme Reiser voir is supplied with spring j 
water and the fair-weather flow from Great Bent Dyke and the upper] 
part of Ramsden Ciough, 
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The following notes oo Batlej Corporation Waterworks are of 
interesl : — 

Average yearly raiof all iq Batlejr - - - 23 ' 87 

„ „ ,, OD gathering ground - - 58*43 

(For 10 years, 1885 to 1895). 
'Bain-^ouge in Batley, 492 feet above sea; at gatliering ground^ 
861 333 feet above ftea leveL 







Capacity, SfC.^ of Meservoin. 




Naioe. 


Capacitj, 


Depth. 


Area, 


Yittbobi 
Riding W i 
Eamsden 


ft 


- 


Galloni. 
&0,000,000 
&4,700,000 
86,773,000 


Ft. in. 
38 8 
59 
67 d 


Acre«. 
16 
10 
12 



Drainage Area. 



Yateholme 
Biding Wood 
Raraeilen 



Acres, 
. 322 
- 583 
* 692 



Note that tlie drainage area to Riding Wood is utilised for Ynteholme 
bj the tunnel. 

Consumption of Water ^ 

Domestic purp03ea, 12 gallons per head |>er diem. 

Trade purposes, 27 gallons per bead per diem. 

The population of Batley is 30^0011, therefore the total daily con 
sumption in the borougb is 1,170^000 gallons a day. 

Note titat tn addition to this consumptioa 1,121, KM) gallons ore each 
working day delivered into the rivers ai compensation. 

Daily rainfall from 25M May to 25th June 1895, on Gathering 

Ground, 



1895. 


lialnrall. 


1895. 


HAbfoll. 






It]che». 






Inches. 


Haj 25tli - 


. 





JuQe 1 lih - 


. 





,. 2eth - 


. 


1 


,. 12th 







„ 27tb - 


- 


— 


,, 13th - 




_ 


„ 28lh . 


. 





„ 14th 


, 





„ 29th- 


- 


— 


„ 15th ^ 


« 





„ 30tk - 


. 


'1 


,, Ititb 


* 


— 


„ 31«t - 


. 


-^ 


„ ITtii - 


. 


_ 


June l&t - 


- 





„ 18th 


. 





„ Slid - 


. 


•9 


„ 19th - 


» 


«_ 


„ ard - 


, 


— 


H 20th 


. 





„ -Ith . 


- 


: 


,, 21st - 


_ 


— 


„ 5th - 


* 





„ 22 ml 


. 


_ 


^ 6lh - 


. 


. 


„ 23iil . 


. 





M 7tb . 







„ 24 th 


* 


.^ 


.» ^!h 


. 





„ 25rh - 


- 





•^th - 












H Klh 


- 


— 


Tofiil 


- 


I'l 
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Note tliftt from the 25th ot May to the 25tli of June 1895 there mip 
rain on three days only. 

Noi^s on the Characters of the Gathering Ground, 

The gatbering grouucl is a moorland one, but it is to be noteil that 
peat is not abundant either superficially or in depth. 

Nearly the whole of the gathering ground is covered with pasture 
grHBS, and the soil is only slightly peaty in character, and \s thin and 
well drained. 

The rock underlying the surface soil is chiefly millstone grit. 

The slopes of the hills are such as to allow of very rapid t^urfaee 
drainage, and it appears that there are no area8 such as exist on most 
fiioorland gathering grounds, where the rain can stagnate in peaty or 
boggy or marshy places. 

There is a considerable amount of spring water besides the water 
derived from mere surface drainage. 

In conclusion, it is to be noted that the characters of the gathering 
ground are remarkably good as regards tlie comparative absence of pear 
and peaty water. 

Conditions fmmd to ejtist on the Gathering Ground on 
June 25th, 189o. 

The daily rainfall previous to June 25th, 1895, is given in an 
accompanying table. It is to be noted that the rainfall was much 
below the average, and in consequence the streams on the gathering 
ground contained chiefly spring water, and very little surface water* 
The reaction of the various waters was tested with an alcoholic solution 
of lacmoid. 

Ramsden Clough was tested at its entrtince into Yateholme Reser- 
voir, and also at eeveral points along Its course in Ramaden Valley; 
The water ^vas neutral, and the water in Great Bent Dyke and the 
spring water had a similar reaction. Yateholme Reservoir water was 
tedted in several places, and found to be very faintly acid. Netherlfly 
Clough, and Riding Wood, and Ramsden waters all contained cetitnd 
water. 

Samples of water were collected for more detailed examination from" 
Yaleholiae Reservoir, Ramsden Clough, and the spring water. Later a 
sample of Batley main water was obtained. The results of the chemical 
examination ot these waters is given in an accompany iug table. Briefly, 
the results ehowed that Ramsden Clough and the spring water were 
neutral in reaction, and free from plumbo-solvent ability, Yateholme 
Reservoir water and Batley main water showed traces of acidity and 
plumbo-solvent ability. Another gam pie of Yateholme Reservoir water 
was obtained on December 20Lh, 1895, and on examination yielded 
results similar to the above* 

Remarks on tli£ Results f/ielded bt/ the Chemical Examination of the 

Waters in reference to the observed Characters of the Gathering 
Ground. 

It is to lie noted that Ramsden Clough and Great Bent Dyke were 
neutitil on June 2oth, 18D5. Fosi^ibly during heavy floodiS, these waters 
may contain siifficient peaty water to acquire an acid reaction, although 
the ingenious arrangement by which storm nater is automatically 
divert^ from the waterworks would prevent fouling of Yateholme. 
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Reservoir. Tlio very faint acidity of Yntoliolme Reservoir may possibly 
be liue to Kamsden Clougli and Great Bent Byke containing traces of 
acid during the begintiing and end of storms, when the rnsh of water 
would be insufficient to close the flood gates. 

It is of interest to note that the condition of the water as regards 
freedom from acidity and action ou lead is quite in accordance with 
the observed characters of the gathering grouud. Thus it has been re- 
peatedly observed in the case of naoorland gathering grounds that, on the 
one hand, when peat is abundant superficially and in depth, and the 
rain can stagnate in the soil, the quality of the water as regards acidity 
and plum bo-solvent ability is unsatisfactory, and that, on the other 
hurid, where— as in this pailicnlar instance^^the peat is comparatively 
Bcarce, and the drainage from the soil good^ the quality of the water is 
iLsually above suspicion « 

Batley Cobporation Watebworks. 
Table 5. — Chemical Jlesults, 



I 



taoiptioa of ih« Saxnpla 
ofWmtor, 



Eeaction 

with 



liAcmoid. 



Addftir 

in Tonus 
of c,c. 

required to 
xi«iitrElij»e 
100 cc, ot 
tbo W&ter. 



Hardness 

Parts per 

100,000). 



Action on Le»d (Parts per 100.000) . Tito 

■LeLiim on jU'iul wan tested liy upward 

flUratioD tlirough SO cc. vmahed Lend Shot 

at the rate of 3 miua. per 50 Cuc. 



l9t 

SO ox. 



60 cc 



Srd I 4th 
60 o,c. I 50 c*c. 



«fci|A"™«''- 



1 1 1 Tat«holiiie Bewrroir< water. 



iMfiiden t'lougb water. Jane 
Ml. l«Xt. 

tpHnc water to Tateholtne 
BaoTutr, June aetix, 1899, 

BMdegr main water, Juoe S:9th 



Yfll#holme Reicrrotr water, 
Dofwmlier 20ib, I88S. 

RAinMlwi Cloufffa water. 
Water collected after 
bearf mmt «ioow(lfiif| 
droughl. July sivt. ysm. 

\7 Oreat Bent 1>yke water. 

IWal«r collected after 
lioavy imuui iucceedjnx 
droa«ht, JuJ^ Slit, 1894. 



f Paint 
trace 
acid, 

Xeutral 



Nentral 



f Faint 
trace 
acid. 

f PaLiit 
tracu 
arid. 

Neulral 



Neutral 



f Faiut 
trace acid. 

Keutral 



Ncatra] 



f Fkini 
trace acid. 



! Faint 
trace acnd. 



Neutral 



Xeutral 



S-6 



31 



0-0 



^ Faint ti«cei. 



00 O'O 



0-0 



f Very faint tniccB. 



0-0 
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Samples of stonn water from Ham&tlen Clough and Great Bent Dyko 
were obtained on December 30th, 1806, and they were examitied for 
acidity and pin mho-sol vent ability. The g^reat turbidity of the water 
made it impressible to determine accurately the amonnt of the acidity 
and action on lead. Bot!i waters wt^'e, however, unqiiestionubly acid 
and posse^iied of plumbo-solvent ability, and Great Bent Dyke water 
was considerably the worst of '^he twe. 



Survey No. 8. 
BLACKBURN CORPORATION WATERWORKS. 

Source op the Water Sopplt akd Qeseral Bksceiptiok of 

THE Waterworks, 

The supply is obtained from moorlnnfl ftboat 20 oiiles from Blackburn, 
in the Brenoaod and Whitendale Valleys. The water withdrawn for 
iraterworkd purposes from the Al>ove gatbering grounds is received, in 
each instance, into a screen chamber eituated some 775 feet above sea 
level. The screens contain 576 mc^shes to the square inch. The water 
after passing, in each instance, through the screening chamber ia carried 
by a 30-iach cast*iron pipe from tlie chamber to Footholme. At 
Footholme, the Brennand and Whitendale waters unite, and are carried 
in a single 30-inch main (Bowland main) to three service reservoirs. 
Additional screening arrangements ex tat in connexion with each sernce 
reservoir. The water is delivered to the town without filtration. 

More in detail, the arrangements for collecting water are as follows ;— * 

Water from Brennand river is carried in a condutt to Brennand, 
Bcreen chamber, which receive* also^ by a separate conduit, water from 
certain small moorland tributary feeders known as Far pasture, Well 
Spring, and Folds C lough. 

The water from V\ hitendale river is carried, together with the water 
from some small subsidiary feeders, into the Whitendale screen chamber. 
In addition, the 30-inch cast-iron pipe conveying the water from this 
chamber to the Bowland main receives on its way the water from three 
small moorland streams, called Stony Clough, Costy Clough, and Little 
Co5ty Clough. 

At the intake from each tributary stream there is a collecting i>ond 
having a rough stone Jilter at its upper end, through whieli all the water 
passes before reat-'hing the conduit. 

Storm water is prevented from entering the conduits by means of 
** leap ** weirs. These are mechanical contrivances which permit the 
dry-weather flow or clear waler to drop through an opening leading to 
the conduitj but which prevents flood water from so entering into the 
water supply, owing to the great velocity and volume of the storm 
water carrying it over and beyond the opening leading to the conduit 
and onwards into the stream to serve as ** corapensntion " water. 

There are, at present, no catchment reservoirs on the gatbcrintj 
ground. It is proposed, however, to construct two reservoirs, one in 
the Brennand Valley, on the course of the Brennand river, another in 
the Whitendale Valley, on the course of the Whitendale river, at heifhts 
of 775 and 675 feet above sea level respectively. 

The following notes on Blackburn Corporation Waterworks are of 

interest :^ 

BainfaiL 

Average yearly rainfall in Blackburn • - 38 inches 

tf n n on gathering ground « 59 „ 



Capacity of Blackburn Service Reiervoirs, 

Audley Reseriroir • - 13,0C>0,0CX) gallons, 

. . • - 310,000,000 „ 



Fishmoor 
Guide 



87,000,000 



ILACKBURN CORPORATION WATERWORKS. 
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It Top Heater Levels of Blackburn Service lieservoirM. 

Audlev Reservoir * . . 592 feet above sea lerel. 

Fish moor „ . - 600 „ „ 

Guide „ . • 642 



Delivery of ^0-ineh Botcland Main 

Into And ley ReserToir 
„ Fisliraoor „ - 
„ Guiile I, 



. 0,900.000 gAlloos per Auj, 

- G,40f),tK)3 ,, 

- 4,800,000 „ 



r • Consumption of ff^aier in Blackbttm, 

Z\ miilion gallons per day. 



Draitutge Area, 



Brennand system 
WhitendaJe „ 



2,300 acres. 
3,050 „ 



Weekly Rainfall and Yield of Water, 





Rain&ll (Inebes), 


yield of Water 


L Week ending 


Brennjutd, 


Whitenaale, 


(GalloDs). 


PebmiUT 14th, 18^6 
^ Slat „ 

., sath „ 

March 6th, 1896 • 
». lath „ 


1*90 
0*56 
1*05 
4*46 
S'26 


1*44 

OMS» 
0*E5 
4*34 
3*54 


141,754,000 

71,162,000 

79,788,000 

4&3,536,00O 

350,460,000 


Totals - 


11-23 1 10 '66 1 1,136,700»000 



Notes on the Characters of the Gathering Ground. 

The gathering' ground is composed of moorland. The larger portion 
IS graspy moorland, only a email portion peat bog. The surface soil 
over mobt of the gathering ground is peaty in character, but except in a 
few places its depth is not great. Its dcptli is Icii^t on the precipitou* 
alopes of the hills, and greatest on the upper and flaltir portions of the 
gathering ground. The TegeUitioo is chiefly coarse, actively growings 
gmaa« bnt there is also heather in places where there exists decaying 
Tegetable matter and boggy land. 

The raore or lees peaty surface soil rests on grit or shalf^^ which, 
immediately underneath the surface 6oil> is disinteg rated and sandy in t 
character. In stonn time large quantitieK of sand and debris are washed 
do\Tn as well as peaty matter. Especially is this the case on the 
precipitous elopea of the hills, as the fall of the water is greatest there^ 
and the coTeriog soil thin and in many places deficient. 
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Generallj speaking, the slopes of tlie hiQs are precipitous and tl 
covering soil thin, so tliat the fall of the^ water 1^ rapid, and there is litt 
stagnation of water in the soiL 

The proportion of spring ¥rater to surface drainage water is diffici 
to judge of on moorland gathenng grounds. In this instance, and 
ordinary conditions of rainfall, a considerable amount of the total yie 
of water appears to have passed through the soil, tmd to have becoi 
more or less altered by its passage through or over the underlying roc 
No doubt in storm time the conditions ar^ altered, and the bulk of t 
water is obtained from surface drainage. As has been already -state 
however, this water does not pass to the waterworks. 

The water in most of the feeders runs on rocky and sandy beds, n 
on clay bottoms. 

The distance th^ water runs in the streams and in the conduits bef€ 
reaching the screening chambers is considerable. 

Conditions found to exist on the Crotiering Ground on March 
13fA, 1896. 

The conditions fbund to* exist on Marclf 13th, 1896, probably repi 
tient fairly well th^ ncftinal, aB regards the Itmount of water in tl 
feeders and the degree of moisture in the soil. The weekly rainfall ai 
yield of water, from February 14th to March 13th inclusive, are given 
an accompanying table. 



Blackburn Cobpobation Watkbwobks. 

BOWLAND GatHBBTNG GrOUND. 

Weekly Rainfall and Yield of Water, 



Week ending 


Bainfall (inches). 


-rield of Water 


Brennand. 


Whitendale. 


(GaUons). 


February 14th, 1896 - 


1-90 


1-44 


141,754,000 


2l8t „ - . 


0-56 


0-49 


71,162,000 


„ 28th ,. - 


105 


0-85 


79,788,000 


March 6th, 1896 - 


4*46 


4-8i 


493,586,000 


„ 13th „ 


3*26 


3-54 


350,460,000 



The reaction of the various waters was tested with an alcohol 
fiolution of lacmoid, which is a very delicate test for acidity in the es 
of moorland waters. 

Brennand System. — The water in the conduit from the Ri^ 
Brennand was neutral in reaction; the water entering the scre^ 
chamber from the conduit serving the tributaries was either neutraL 
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oalj rery feebly acid. As lo the streams tbemselves. Far Pa^tare, Clough, 
Fold^ Clofigh, and Brennand rtTer were all netitral, but Well Spring 
Claiigh bad a faintly acid reuctioD, while a somll peat feeder iDto Well 
Spring Clough was distinctly acid. Afcer passung the screen the water 
wms practically neutral^ although it was open to question whether it 
contained traces of acid or not, 

frhftendale Sf/stem. — The water in Whitpndale river, and in the 
coodiiit from the Whitendale river, aod the water in the screen 
eh^inljer, was either neutral or contaiued only the faintest possible tnice 
of A4;id, Stony Clough stream was distinctly acid ; it appeared to drain 
« more peaty area, and possibly an area where there was exceptional 
opportunity for stagnation of the rain in the soil. It was found, how- 
ever, that the acidity of this feeder was not sufficient to alter the 
reaction of the body of water from the Whiteodale system. Costy 
Clough and Little Co'sty Clough streams were neutral in reaction. 

It may here be stated, that experiments show that when a water does 
not give a distinctly acid reaction with lacmoid, it will not dissolve lead, 
*o any appreciable extent, under lalxtratory conditions of experiment. 
The water therefore from the Brennand and Whitentiale systems, under 
oediuary circumstances^ may be regarded as neutral, and free from 
plumbo-solvent ability. 

Between tlic Brennand and Whiteudale Valleys an area was found 

W'here the rain saturated a somewhat deeper peaty soil. The vegetation 

^»6 bare in places, and here and there heather grew, but for the nio^t 

P^« the surface was covered with ni04?t* aiid the long coarse grass which 

I IS so frefjuently found in mai^Uy places. The water lying in sovemi 

raniali marshy ik>o1s here was tested and fimnd to be scid in reaction. 

^one of the water from this area reaches the water supply, 

Samples of water were obtained for detailed examination from the 

Srennand and Whitendale screen chambers, a small peat feeder to Well 

Spring Clough, and Stony Clough. Later, a sample of the water a? 

applied to BUickburn was also examined. The results of the exaraina- 

«Oii of these waters is shown in an accomjianying tahle. Hrielly, the 

•to^lysis of these waters showed that the sample of Blackburn water was 

^^utral and free from plnmbo-solvent ability, and that the water from 

***** Brennand and Whitendale systems was practically neutral and did 

J|Ot Oissolve lead to any appreciable extent. The water from Stony 

Clougli and a little peat feeder to Well Spring Clough was distinctly 

^^^ and dissolved lead to a considerable extent. 



-^euiarks on the l?€iuiis yielded hi/ the Chemical Examination in 
reference to (he observed Characters of the Gathering Ground, 

It h to be noted that Blackburn is supplied with a moorland water 

*H<>li — judging from the above experiments — is practically neutral and 

»^^^ from plumbo-solvent ability. Since moorland waters have come to 

^iociated with acidity and pUimbo-aolvent ability, it is importimt to 
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**^iv why this water differs from olher^ and apparently similar, waters 
this important respect. Jo this connexion the following points 



^*^ially deserve consideration — 
-^r- ^lic exclusion of storm water by means of *Meap " * weirs, the pro- 
^1^^**^ on of "wreck" lodges with stone filters at their upper enda, the 
r^^^^eaing arrangements, the flow of water for considerable diatancea 
.^*Jg rocky and sandy beds, the precipitous slopes allowing of a rapid 
'^^^ of water and efficient drainage of the soil, the comparaiive absence 
^ieaty and boggy laud, the shallowness of the peat bed?, the active 
K gS578. H 
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growth of vegetation and the small proportion of peaty water to spring 
water or water not peaty in character — all these here tend to prevent the 
water acquiring an acid reaction. 

The exclusion of ** t-torm *' water is important, because heavy rain 
washes out of the sioil substances (formed since the previous AckkI) which, 
when derived from peat, appear to give to moorland waters tlieir 
acidity and plumbo solvent ability. The provifeion of ''wreck" IotJ^et> 
having rough atone tiltera at their upper ends^ and of screen chain Ijers, 
prevent the grosser iornis of impurities, ^.^^ peaty mattt?r*i, from entering 
the water supply. The iiow of the water for eondiderable distances 
along rocky and »indy beds i.s believed to be beneficial as tending to 
netitraliBe any acids con taineil in the water. It has been obi^erved in tb^ 
case of moorland %vaters that when a reservoir leak^ tlie water, if acid^ 
within the reservoir becomes usually neutralised after its passage 
through the rock. In this connexion it is noteworthy that in flood time 
a large amount of disintegrated rock is washed into the feeders. This 
rock underlies the peat, and in many places breaks through to the surface 
where the soil covering is deficient* Again, the mere delay of a water 
on its course appears to be salutary* a'^ experiments show tliat keeping 
an acid water for some time exposed to the air tends to diminish slightly 
its acidity* The precipitous elopes, allowing of a rapid flow of water 
and efficient drainage of the soil, cannot but be benefieinl, because 
stagnation of tlie water in the peaty soil is thereby prevented, tlie decay 
of vegetation is restrained, and the active growth of grass is encouraged^ 

The comparative absence on the gnthering ground of pealy and bo^'^iy 
land is very important, because experience has shown that the water 
derived from such areas is apt to be very acid and to dissolve leacL The 
shallowness of the peat beds limits the miscbief done by peat in con- 
nexion with the water supply. On some gathering grounds, the peat 
beds not only cover large areas, but attain a thickness of 10 to 20 feet. 

The active growth of vegetation usually indicates that the soil is well 
drained^ and that it is only imrtiaily peaty in character. The active- 
growth of grass binds the soil together, and it has been repeatedly 
noticed that watiT draining from such areas is Uiually neutral and fiVR 
from plumbo*solveut ability, while w*ater dinining from *^idjacent areoa 
not covered with grass, hot with heather, or, it may be, de.ititute of ani 
growing vegetation, is often acid, and dissolves lead to a considers 
extent. 

The ^mall proportion of peaiy water to spring water or (o wal 
not peaty in character means that the water derived Irom peat drain* 
age is small in quantity as compared with the water obtained from 
spring, or from the drainage of land not essentially peaty, or from the 
drainage ol peat land, which by percolation or otherw ise has lost its 
chai'acters as a pciity wnter, ^ 

Of the saiDples etVatcr examined for acidity and plumbo-solvency, 
It IS to be noted that only two, viz,, Stony Clough and the water from a 
small peat feeder to Well Spring Clough, showed any appreciable acidity 
and plumbo-tolvent ability. So far as coxild be ascertained these two 
waters contained more peaty water than the other feeders. It h possible 
that in storm time the biilk'of pe^ity water might be increased suffieientljp 
to alter the reaction of many of the feeders which were found to be 
neutral under ordinary conditions of rainfall, but, as has been already 
stated, the atorm water is excluded from the water supply. 



-eoa. 
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Blackburn Corporation Waterworks. 
Table 6. — Chemical and Bacteriological Results, 



' Acidity. | Action on Lend (Renults stated as I'artH ' 

I \ \ per 100.000). The action on L«ul wom t* sted Number 

T« ».»».. oy means of upwanl flltration thmug:h 50 c.c. of 

in t«TOs cashed Lead Shot at the rate of 3 mins. Micro- 
IV. ^Lm ' perWcc. [Organisms 

**• -^K' I in 1 ex. 

required to' ' 



SMoriiHkin of the Sample 
of Water. 



Reaction 

with 
Lacmoid. 



neutralise 

100 ex. of ' Ist 2nd Srd 4th 

the Water. 50 ex. 50 c.c. 60 c.c. j 50 c.c. 



5th 



Average. 



IsRh Uth. 1896. Water 
ftoBtbeWhitendale screen 
after screening. 



-v» ISth. 1886. Water 
inn the Brrnnand screen 
after screening. 



^ 13th. 1896. Water 
tapm imall peat feeder to 
V«&8prii« dough. 

VnAlSth. 18M. Water from 
Slav Chngh. Whitcndale 

'«S^*>^1S86. Walerflram 



I 
f trace ' P trace acid 
acid. I 



? trace ' ? trace acid 
add. I 



Acid 



Acid 



Neutral 



0*51 



I ! 

? trace' ? tracel \ trace 

] I 

F trace' ? trace' ? trace 



•1 0-2 



0-30 ! 0-1 



0-2 



Neutral 



0-0 I 0-0 



0-3 



0-2 



0-0 



f trace 



0-3 



0-2 



trace ? trace 



? trace' f trace 



0-3 0*24 



O'S 0*90 



0*0 



of the 
Water. 



900 



270 



H 2 
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Survey No. 7. 

BOLTON CORPORATION WATERWORKS. 

Source of the Water Supply axd Gexbbal Desckiptiox of the 

Waterworks. 

The sappl J is obuined from moorland gathering groond at Entwistk, 
Springs, and High Rid about 7, 4, and 3 miles from Bolton respectively. 

Enhciftle System. — ^The gathering ground b composed of moorland* 
Cadshaw Brook is the chief source of supply, and it, together with some 
smaller mono tain streams, enters Entwistlc Resenroir. These streams 
drain a very large area of moorland. No arrangement exists for the 
exclusion of storm w^terybut the water after leaving Entwistle Reaerroir 
is filtered through sand aud gravel tX Sweetloves, ntmi whence it enters 
the distribution pipes. 

Springs System. — There are two reservoirs (Springs and Dingle) on 
this moorland gathering ground. A large mountain stream enters the 
upper (Springs) of these two reservoirs, and this practically is the only 
source of supply. The water from Springs Reservoir passses into the 
lower (Dingle) reservoir. The water from Dingle Reservoir can be 
filtered but usually it is carrried into consumption without any filtration. 
There is no arrangement for excluding storm water from this system of 
water supply. The water is conveyed from the Dingle Reservoir in a 
24-inch stone culvert to the Sweetloves Service Reservoir. 

High Rid System. —This gathering ground can hardly be described 
as a moorland one, since the chief source of supply is from springs which 
are piped into a common channel which discbarges into High Rid 
Reservoir. The water is conveyed from the High Rid Reservoir in a 
3-foot stone culvert to the 61ter beds (sand and gravel) at Heaton, from 
whence it enters the distribution pipes. 

The following notes on Bolton Corporation Waterworks are of 

interest : — 



Rainfall. 



Inches. 
3905 



Yearly rainfall in Bolton (average of 9 years) - 
„ „ on Entwistle gathering ground (average 

of 28 years) - - - - - 53-10 

Yearly rainfall on springs (average cf 53 vears) - 56*82 

„ „ on High Rid (average of 37 years) - 42*12 



Capacity, SfC. of Reservoirs, 



— 


Capacity. 


Top Water Level. 


Depth. 


Axea. 


Eatwistle 


625,000,000 


690-35 above O.D. 


Ft. 
100 


Acres. 
94 


Springs 


134,000,000 


757-56 „ . 


48 


24f 


High Kid 


130,000,000 


578-50 


. 54 


25| 



io-> 



Consumption of Water, 

For the first nine months of 1896 the average consumption of water 
was 5,587,191 gallons per day. 



Entwistle - 
Springs 
High Rid - 



Drainage Areas, 



Total 



Acres. 

2,118 
525 
523 

3,166 



naily Rainfally February 16/A to March 16//* (inclusive) 1896. 






Belmont 


High 


Ent- 




Belmont 


High 


Ent- 






(Springs). 


Bid. 


wistle. 




(Springs). 


Rid. 


wistle. 


1896. 










1896. 








Feb. 16 


- 


— 


— 


.^ 


Mar. 2 - 


0-13 


0-09 


0-05 


,. 17 


- 


— 


— 


— 


„ 3 - 


0-35 


0-22 


0-34 


„ 18 


• 


— 


— 


— 


» 4 - 


014 


0-23 


014 


» 19 


- 


— 


004 


0-03 


„ 5 - 


0-30 


0'14 


0-31 


„ 20 


- 


0-4 


— 


0-04 


M 6 - 


0-2S 


0-21 


0-30 


„ 21 


- 


0-26 


0-25 


0-25 


„ 7 - 


0-27 


0-20 


0-31 


„ 22 


. 


018 


0-19 


0-12 


» 8 - 


1-18 


0-88 


1-03 


., 23 


- 


— 


— 


— 


„ 9 - 


0-17 


0-06 


004 


,. 24 


. 


— 


— 


— 


„ 10 - 


0-04 


0-07 


0-05 


„ 25 


- 


— 


— 


— 


„ H - 


0-40 


0-31 


0-32 


„ 26 






— 


— 


M 12 - 


0-24 


0-15 


Oil 


„ 27 


- 


— 


— 


— 


„ 13 - 


o-oi 


0-03 


0-03 


^ 28 


- 


0-23 


0*18 


0*20 


„ 14 - 


0-95 


0-56 


0-G6 


« 29 


- 


0'42 


0-51 


0-36 


„ 15 - 


0-01 


0-01 


0-U3 


Mar. 1 


- 


1-32 


0-18 


1-38 


„ 16 - 


0-63 


0-52 


0-57 



Notes on the Characters of the Gathering Grounds. 

Enitcistle Gathering Ground, — This is a moorland gathering ground, 
bat peat is not very abundant, either superficially or in depth, except on 
the higher and flatter portions of the drainage area. The vegetation is 
chiefly coarse pasture grass, but in many places heather and moss grow. 
There is not a great amount of spring water, the main source of supply 
being from surface drainage. The surface water is not exceptionally 
peaty under ordinary conditions of rainfall, but in storm time a large 
amount of peaty water enters the supply. The drainage from the soil is 
rapid, but on some portions of the gathering ground the rain stagnates to 
a certain extent in peaty land. The surface soil rests on millstone grit. 

Springs Gathering Ground, — This gathering ground is much more 
peaty than the above. Thei-e is less grass and more heather and moss. 
Areas exist where the rain stagnates in peat. The soil is not so well 
drained on this gathering ground as in the case of Entwistlo, and there 
is less spring water, and the water derived from surface drainage is 
more peaty. 

The surface soil rests on millstone grit. 

High Rid Gathering Ground,— The gathering ground of this 
system of water supply differs in a marked manner from the ones 
already described. Nearly the whole of it is covered with grass, and 
the soil generally is only slightly peaty in character. There are no 
moorland streams, the supply being obtained from sprin<^s. TVvci NvwVviV 
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is piped into a common channel, which discharges into High Hid 
Reeervoir. 

The surface soil rests on millstone grit. 

Conditions found to exist on the Gathering Chound on March IQthj 

1806. 

The daily rainfall from February 16th to March 16th is given in 
an accompanying table. It is to be noted that the rainfall for March 
l-ith and 16th was considerably above the average, and that on the date 
of visit (March 16th) the streams were found to be running fuller than 
normal. 

Lacmoid was used as usual to test the reaction of the various waters. 

Entwistle System, — The water in Entwbtle Reservoir was tested at 
various i^oints, and appeared to contain only traces of acid. Owing to 
the wincl and rain the >vater was much discoloured — the clay from the 
bed of reservoir being apparently the cause of the turbidity. Cadshaw 
Brook, the main source of the water-supply, was distinctly acid in 
reaction. Another and smaller stream entering the reservoir near 
C!adshaw Brook was neutral. Two small streams draining peaty land 
on one side of the reservoir were acid. All these streams were running 
fuller than normal. 

Springs System. — The water in Springs and Dingle Reservoirs was 
distinctly acid in reaction, as was also the peaty water in the moorland 
stream, which is the only source of supply to this system. 

High Rid System — .The water in High Rjd Reservoir was neutral. 
The spring water which supplies this reservoir was also neutral in 
reaction. 

Samples of water were collected for more detailed examination from 
Entwistle Reservoir, the spring water to High Rid Reservoir, Cadshaw 
Brook, and Springs Reservoir. Briefly, the chemical analyses gave the 
following results. The spring water was neutral and free from plumbo- 
solvent ability, Entwistle Reservoir water contained trace of acid and 
dissolved lend to an inconsiderable extent, Cadshaw Brook was acid and 
acted appreciably on lead, and the water from Springs Reservoir was 
distinctly acid and had a considerable plumbo-solvent ability. The 
bacteriological results were of interest. The most add water (Springs 
Res^ervoir) contained fewest germs, and Cadshaw Brook contained fewer 
genns than Entwistle Reser\ oir, although the former was a distinctly 
acid water and the latter practically neutral. The neutral spring water 
contained so many germs that their estimation was not undertaken. 
Possibly in this latter case some surface water from cultivated land may 
enter tlie supply. It was noticed during the bacteriological investi- 
gation of the Boniham Water Supply that the acid peat pools contained 
i'ewer germs than the brooks into which they drained, the brooks 
containing a mixture (neutral) of spring and peaty water. 

Remarks on the Results yielded by the Chemical Examination of the 
IVatcrs in reference to the Observed Characters of the GcUhering 

Ground. 

Entwistle System. — The two small streams entering the side of 
Entwistle Reservoir, which were found to be acid in reaction, drain laud 
unmistakably peaty in character. Cadshaw Brook, which was acid and 
dissolved lead to an appreciable extent, drains land which in parts is 
decidedly peaty, where the rain stagnates in the soil. The small 
neutral raoorland stream entering the reservoir near Cadshaw Brook 
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is said to drain land where there is less peat, better drainage of the 

soil, and possibly more spring water. 

Tie nearly neutral condition of Entwistle Reservoir may be accounted 

£€>T' in the following way. The bed of the reservoir is composed largely 
o£ clay and sand, and during storms the water becomes very turbid in 
c^onsequence. Possibly this may have some neutralising effect. It is 
not improbable that Cadshaw Brook is neutral under ordinary conditions 
o£ rainfall. The small neutral stream (above alluded to) may supply 
't:lxe reservoir with water which has an acid neutralising ability. 

Springs Systems.^^As has been already shown, Springs and Dingle 
ICeservoir contain acid water, and practically their only source of supply 
i.^ from a moorland stream, which is also acid. The acidity of this 
s^x-^eam appears to be traceable to the peaty character of the soil covering 
-tlx^ drainage area. Not only is the soil exceptionally peaty, but the 
dr&inage therefrom is: nol very n^id and tlie conditions are such that 

^]i.e rain can stagnate in peaty and mossy beds and in marshy places. 

^Toreover, there does not seem to be much spring water in this supply. 

JJigh Rid System, — The neutral condition of High Rid Reservoir is 
lo "be accounted for by the fact that there is very little surface water 

»ud what there is, is not distinctly peaty — gaining access to the 

x^servoir, the main source of supply being from hillsicle springs which 

are piped together, and enter the reservoir by a closed and " common " 

cliatinel. 

In conclusion, it is to be noted that the quality, as regards acidity an 
plum bo-solvent ability of the water in Entwistle and Springs Reservoirs, 
might in all probability be improved by some arrangement for excluding 
storm water from the supply. 

Bolton Corporation Waterworks. 
Table 7. — Chemical and Bacteriological Results, 



tt»Umpleof 



'i-.lilr:| 



■CoBjoiat" spring 
ffi», min tupply 



li ITth. 1898. 



llChbtew Brook, BAin 
7 / iBpp[r fsmun to 
'ftSriitle Reservoir, 
jtetli ITth, 1890. 

jhjna Reservoir 
ImSv Harch 17th. 



Acidity. 



Beactioc 

with 
Lacmoid. 



In Terms 

of C.C. 

"5 Na,CO, 
required 
neutralise 
100 C.C. of 
the Water. 



Action on Lead ( Results stated us Parts , 
per 100,000). Tlje action on Lead was tested ' 

by upward llltiation ihroujrh ta) c.o. | Number of 

washed Lead Shot at the rate of 3 ihiiis. Micro-OrKnnisms 
per 50 o.c. j , 

in 1 c.c. of tho 



AVatcr. 



1st 
SO c.c. 



2nd 
50 c.c. 



.Srd 4th 
60 c.c. ! 50 C.C. 

I 



5th 
50 c.c. 



AvcRigo.' 



? Trace 
add. 


?Trace 
acid. 


Xeutral 


Neutral 


Acid 


0-36 


Acid 


0-48 



0-0 



0-0 



01 



O'l 



0-1 



0-2 



I 
? Traces 



•0 0-0 ! 0-0 I 0-CO 



0-2 0*2 O'J O-iIO 



0-3 



Tho coir nies were 
f'o numerous, 
and the liquc^ 
faction of tho 
P'latm loo 
L'n«at. to nl.ow 
of accurate 
count ins. 

IH'.2 
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Survey No, 8- 



BRADFORD CORPORATION WATERWORKS. 

SOUBCE OF THE WaTKR Sui'FLY AKD GENERAL DesCSIPTION OF 

THE Waterworks. 

The water supply of the Bratiford Corporation is, with the exceptloii 
of the Manywells supply, which is spring water, dmved from high 
moorlaiitl, aud \» given by two separate service*, known as the high level 
and low level services respectively. 

Hiffh Level Supply. — The high level sources of supply lie about 
10 miles we^t of Bradford, iu the valleys of the Deuholme Beak and the 
River Worth, both tributaries^ of the River Aine. The principal streams 
taken are : Stubden Beck and Foreside Beck in the Denholme Valley^ and 
Bond Cloughj Ray Cloiigh, Grtn^uholes Clough, Hardnese Clough, Du{> 
Dyke, Paul Clough, Sun Hill Clough, Nan Scar Beck, Holden Clough, 
Harden Clough, Stoney Hill CI o ugh, and Foster Dyke-,, in the valley oC 
the River Wortli, There are two reservoirs on the gaihering ground — 
Thornton Moor and Stubden, 

Thornton Moor Itejservoir,^*Thh reservoir is situated at a height of 
1,241 fei*t above sea level. An embankment extends along the north- 
west, north-east, and jiouth-eust sides of the rescTvoir. A number of 
iron pipes convey water from the surface drainage of peat into the 
south* we5t side of the reservoir. The waters of the cloughs and becks 
in the Worth Valley aiv culleettH:! and carried to the reservoir in a large 
catchwater conduit which extends westwards for a distance of 3 j miles, 
and whieh also intiTcejits th** water flowing in a northerly direction 
frotn off the Ox en hope ^loor*^. The water from this conduit, before 
discliarging into the we.^tern angle of the reservoir, receives water from 
Moss Spring and from a email catchwater. The water from Moss Spring 
is large in amount, but is in private band^, and only the surplus water is 
available for the Bradiord supply. The water from the catchwater 
above albidi^ni to is not great in amount, except in fetonn time. The 
water from Thornton Moor res<.^rvoir is treated with pure carbonate of 
lime — aliout three grains to the gallon— and is then filtered through sand 
and gravel. After leaving thi' filter beds the w^ater is carried in an 
IH-incli iron main toBrayshaw Re^iervoir, and from thence to near Bierley, 
where it joins the water rrom Stululen and Horton Bank Reservoirs. The 
mixed water is carried to Idle Hill Reservoir, to the high level zone of 
supply within the borough, and to many of the out townships* 

Provision exists for the exclusion of storm water from the 
waterw*ork.s. 

Sffilfden Beservotr, — This reservoir is situated at a height of 1,028 
feet above sea level, and is supplied with water from Stubden Beck and 
Fireside Beck and from a catchwater conduit which runs for a distance 
of 4 miles, and nearly parallel with Thornton Moor catchwater, and 
collects the water dmining from the lower slopes of Oxcnhope Moor- 
The water from Stubden Reservoir is not filtered, and is carried by an 
18'inch iron main to Horton Bimk Reservoir, and joins the Thornton 
Moor water near Bierley. 

Stoiin water can be excluded from the waterworks. 

£ow Level Service. — The low level f^upply is obtained from Bardeo 
Moor, in ihe Whurfo Valley, 20 miles N.W. of Bradford. There is 
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also a supplj from Burnsall and from DranghtoD Chelker Beservoir, but 
only the Barden supply will he described. 

Barden Supply. — There are two re^iroirs on the collectiog groucd, 
viz,, Upper and Lower Bardeo, 

Upper Barden Besertotr, — This reserroir is situaled at a height of 
1,170 feet above sea level, acd is supplied with wa I er from Padmire 
Sike and Yethers Gill^ which enter the reservoir at its S.W. and N.W. 
angles respectively. Along the north and south sides of the reservoir 
are bye-channels. The north bye-channel is connected with Yethers 
Giil and with a catchwater conduit which extends for over a mile in u 
noriherly direction, and it receives also the drainage from mc»orkml 
known as The Whams. The so nth bye-channel is connected with 
Padmire Sike, and with a catchwater conduit which extends for about 
half a mile in a southerly direction. The water from Upper Barden 
Keeervoir flows down Barden Beck to the lower reservoir, receiving on 
its vrmy water from Pitshaw Djke, Kittlety Sike— two streams — ^and 
Cross Gil! Dike. 

Lower Barden Beurt'oir. — This reservoir is situated at a height ot 
697 feet above sea kvel, and is supplied witli wnter from Barden Beck 
aod from Far Long and N'ear Long Gills oo its south-west side. There 
is a bye-channel on the southwest side of the reservoir. The water 
from Lower Barden is carried iri a conduit to the Gilstead filters, receiving 
on its way the waters of nine streams or becks, and after (musing 
through beds of sand and gravel at Gilstead, ihe water is conveyed in a 
conduit to Heaton Service Reservoir for distribution in the borough. 

Apart from filtration, the Barden water is not treated in any way. 

Storm water can !)e excluded from the waterworks by means of hye- 
channels and sloping ^>eirs. 

The following notes on Bradford Corporation Waterworks are of 
interest : — 

Batn/alL 

laches. 

Aifetage yearly rainfall in Bradfall * - - 3219 

„ „ I, OD Thornton Moor gathering 47"IS> 

ground. 
„ „ „ on Barden gathering ground - llol 



Capaciiy^ 4^., of certain of the Storage Reservoirs, 



Reservoir. 



Cttpaeitj', 



Depth. 



Are«. 







Gallons. 


Feet. 


AcreH. 


Thornton Moor 


_ 


175,Ot>0,rM>0 


27 


A^ 


Stnbdcn 


- 


U3,lt<4,ni)o 


53 


i\ 


Upper Barden 


- 


164.6'<7,UOO 


6H 


5aj 


Lower Barde u 


" 


4tiH,404,(H>0 


m 


56 



Consumption of Water, 
11 million gallonti per day for horough and out towns for all purposes. 



Drainage Areai* 

Thornton Moor and Stubden drainage area 
Upper and Lower Barden drainnge area 



Acne*. 

2,700 
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D.iily Rainfall on Thornton Moor Gathering Ground from May 
18M, 1895, to June 18M, 1835— mc/Mfiw?. 



Dati'. 


Inches. 








Date. 






Inches. 




1895. 






1 






1895. 








May 18- 






0-01 


ijJaiie 3- 




. 




0-01 


M 19 


- 




— 


■\ 


>» 


4 


- 


- 




— 


M 20- 






001 






5- 




. 




0-01 


,» 21 


- 




0-11 


a 

1 


tf 


6 


- 


- 






„ 22- 






— 


»* 


7- 




- 






„ 23 


. 




— 


I 


M 


8 


- 


- 




— 


,. 24- 






010 


t» 


9- 




. 




— 




- 




0-37 


»» 


10 


. 


- 




— 


„ 20- 






— 


• I 


11- 




- 




008 


„ 27 


- 


- 


■' — 


n 


12 


- 


- 




0-n 


„ 28- 




. - 


— 


,■•. 




13- 




- 




— 


, 29 


- 


- 


— 


\ 


If 


14 


• 


- 






„ 30- 




- 


003 


\ 


»» 


15- 




. 




— 


M 31 


.- 


- 


— 


i 


f» 


16 


- 


- 




— 


June 1 - 




- 


0-90 


» 


17- 




- 




001 


„ 2 


" 


" 


003 


\ 


n 


18 


• 


• 




01)1 



Daily Bain fall oti Bar den Gathering Ground from July 23rd ^ 
1895, to August 2Srd, ISd^—inclunve. 



Date. 


Inches. 


Date. 




Inches. 


1895. 




1895. 






Julv 23 - 


0-27 


Aagusc 8 


- 


0-12 


„ 24 - - - 


0-81 


,.9 


. 


0*07 


„ 25- 


1-31 


„ 10 


. 


0-19 


» 26 - - - 


0-57 


„ 11 


. 


0-37 


„ 27- 


0-42 


,. 12 


. 


0-16 


M 28 - - - 


0-05 


„ 13 


. 


0-63 


,.29- 


0-01 


>f 14 


. 


0-08 


„ 30 - - - 


— 


» 15 


. 


002 


„ 31- 


— 


„ 16 


- 


0-01 


August 1 - - 


0*05 


„ 17 


. 


— 


„ 2 - - 


012 


„ 18 


- 





„ 3 - 


0-34 


„ 19 


- 





„ 4 - - 


0-08 


„ 20 


- 





„ 5 . 


0-01 


„ 21 


- 


001 


f. 


0-05 


„ 22 


- 





u 7 - 


— 


„ 28 


- 


0-22 



Notes on the Characters of the Gathering Grounds, 

High Level Supply. 

Thornton Moor Gathering Ground, — The gathering ground is 
entirely composed of moorland. The surface soil is very peaty, and the 
depth of the peat varies from one to six feet, or even more in some places. 
The land on the south-west side of the reservoir is exceptionally peaty, 
and the rain falling on this portion of the gathering ground saturates the 
soil and stagnates, forming peat and bog holes and marshy places. Part 
of the water draining from tliis area is intercepted by a catchwater, and 
part is conducted into the reservoir by a series of iron pipes. The large 



m 



I 
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ch water coQcliiit drains land very similmr in character to the above, Ltit 
the slopes of the hills arc more ftbrupt, the water is carried more rapidly 
ato supply^ the raiu saturates the peat and stagnates thereiQ to a less 
extent, and there is a ^considerable amount of spring water as well as of 
rater derived from surface drainage. Moss Spring is a good exiimple 
lot a moorhmd spring supplying a large body of water. As has beea 
BXjdained, however, it is in private hands, and only the surplus water is 
|livjulable for supply. 

lo concluidon, and speaking generally* the following points are lo be 

The vegetation is composed of lieatlier and moss, and in some 

?s of rough pasture grass. The geological fniination is millstone 

rlt. The dry weather (low is small iu amount, (ho reservoir dependiog 

or ltd supply largely on surface drainage water from moorland such in 

J jveat There is a considerable tendency on portions of the collecting 

[groiind for the rain to saturate peaty soil and to stagnate. After 

, ** irf^trnent " and filtration, and as delivered to consumers, this water is 

|<]ear, pure^and soft, and exceedingly suitable for the trade of Bradford. 

SitihiJen Gnfherinf/ (» raw tic/.— This gathering ti:i-0UQ,i differs in 

several important respects from the fort^goitjjr. The reservoir is supplied 

L*fi'ith water from a a eitchwater conduit wliich drains the lower slopes of 

I Oxcnhope moors. Here the hill slopts are more abrupt ; tliere is much 

I jwat ; the vegetation is composed chiefly of pasture grass ; the water 

drains more rapidly into supply ; and there is a eonsiderable amount of 

I g|>ring water, Unquestionably the conditions are such tiiat the Stubden 

gathering ground yields a less peaty water than the adjacent Thornton 

3r collecting ground. 

Loto Level Sappit/, 

Barden Gathering GroutuL — The gathering ground is wholly 
moorlandf and resembles in many respects the Thornton Moor gathering 
ground. The surface soil over most of the gatliering ground is 
peaf, but the peat beds thin out towards Lower Barden lieservoir, and 
it is only on the higher and flatter portions of the gathering ground 
that the depth of the |>ent is great. Over most of the gathering ground 
the slopes of the hdlsare steep and the drainage from the soil nipid. The 
amount of spring water is in excess of what is usually found on tnoorland 
collectit)g grounds, and in eonsef|uence the fair weather flow in the 
streams is above the average. The geological formation is Millstone 
grit. As regards the vegetatioji, heather and moss arc abundant every- 
where on the collecting ground, and there are areas here and thei"e 
covered with coarse pasture grass. These remarks refer to the drainage 
area generally. Particularising, the following points are to be noted. 
The northern portion of Upper Barden collect log ground is rich in peat, 
the drainage from the soil is not very rapid, the peaty water is largely in 
excels of the spring water, and areas exist where the rain lies stagnating 
in peaty and marshy places. The southern portion is much more 
satisfactory in these respects. As regards Lt>wer iSarden, it is to be notetl 
that Pirshaw Dike, Kittlety Srke, Cross Gill Dike, and Far Long, and 
Near Long Gills, all drain land which although peaty, possesses the 
following redeeming feaiures, The peat beds are thin, the drainage from 
the soil is rapid, the hill slopes are abrupt, there is a large amount of 
spring water as well as of surface dniinage water, and there are but few 
IS where the rain can stagnate in peaty and marshy place*. A point 

BOfue importance is that Earden Beck, the main source of supply to 
Lowir Barden Reservoir, runs for over a mile ou a rocky and sandy bed. 

It i» to be noted that uine tenths of the gathering grounds from which 
the water fe taken are high moorlands (from 600 feet to 1,500 feet aboro 




II: 



the ktel of thtt flea^ and above the reach of poUuLioQ from populate 
distncli. 



ConditiomM fannd to exUt an the Gathering Grounds on June ISih^ 189JS 
and AuffUMt 23rdf 1895, 

Bigh Level Supply.— June 18M, 1805. 

The rainfall from May 18th, 1895, to June IStb, 1805, 13 ^iven in an^ 
accompanjiog table. Owing to the preceding dry weather, the coiiditioo 
were not favourable for an inspection of the collecting ground, and 
many of the feeders which anppij the reservoirs with water under 
ordinary conditions of the rainfall were dry. The reaction of the 
various waters was tested with an ^coholic solution of lacmnid. 

The water in lliarnton Moor He^ervoir was tested at various points, ' 
and found to be distinctly acid. The peaty water, which is led into the 
aonth-wedi side of the reservoir by a series of iron pipes, was dned up, 
but samples obtained at a later date and during storm time were very 
acid. 

As regards the small catch water, it was found that the water running 
in it W88 add, and two small peat drains which supply it with water 
were acid, and one stream containing chietiy spring water wu^ neutral 
in reaction. 

Moss spring water was neutral in reaction. The large *!ateh water 
conduit which supplies the greater bulk of the water entering th€rj 
raservoir was traced upwards for a considerable distance, and the water! 
in it was found to be neutral. The peat fee^lers which under ordinaryf 
conditions drain into it were all dry. The only water, indeed,* 
supplying the conduit was from springs, and this water was fouml to bo 
neutral, A sample obtained at a biter date from this catchwater yielded 
very different results, as is shown in an nccoiapanying table* Tlioniton 
Moor Reservoir water after being treated with lime and filtered wiis quite 
neutral in reaction. 

Stubden Ileservoir water was found to be neutral, and the water in 
the catchwatei' conduit supplying this resen-oir had a similar reaction. 



Low Level Supply. — August 23rd, 1895. 

The rainfall previous to August 23rd is given iu an Qcconipanyiug ' 
table. Owing to the preceding dry weather the water from surface 
drainage was very small iu amounf, and in consequence the conditions 
were not very favourable for the inspction of the gathering ground. 

Upper Bard en Reservoir water was te^tetl at various points, and found 
to lac acid in reaction The north bye-ehannel containwl acid water, 
and six streams supplying it witli water draining from very peaty land 
were all acid. The north catch water conduit was also acid, and so was 
the water in Yetherfl Gill. The .^outli bye- channel contained neutral 1 
water, and the water in Padmire Sike and in the south ctitciiwater ' 
conduit was also neutra!. Bardcn Beck was traced downwards, and the 
water, which at first was distinctly acid, gradually became less and lesa 
acid, until and just before di-^^e barging into Lower Barden Rrservoir it 
ceased to ettntain even traces of acid. Pitshaw Dike and Kittlety 8ike, 
which fl<j\v ill Barden Beck, were neiitiaL The water in Lower Barden 
Reservoir was neutral, as was also the water in Far Long and Near Long 
Gills. The outflow water from Lower Barden Reservoir ond the water! 
joining the Barden supply from Burosall gathering ground was neutral] 
in reaction. 



113 



It i^ to l>e BOled iImS ander Ubontorr eondltioDB of experiinent moor- 
Imnd walers wliicb give a ncatnl rcActioii with lacmoid do ool disaolTC 
It-jwd, but thow wliaek gire ui acid x«i^oa pcM»es8 plmnbo^^vwil 
abilitr* 

SftoipU^ of wmco' were oollecteJ for more detailed examintttioB fitkoi 
tbe fodowing ao iP Bet : — ^Tborntoii Moor Reservoir water (beiore aad after 
treatmeiit), Moea Spring water, Stobden Beserroir^ Upper and Lomr 
Budeo BenrvotTBi and Upper Burden iiortb bje>chanDeL Sampka of 
«faler were ako obtained from BrndforU town m^dns (high and low lei^ 
Genriees), Thornton Moor calcb water conduit — two samples^ and from iron 
[ jitpes disdiarged into H>aih-we5t ^ide of Thornton Moor Besenrolr — lioitr 
The resolts are given in an accoTnpanjing table;, and maj be 
described as follows ; — 
The samples from Bradford town water from the high and low level 
rices i^ere neutraU aii^ did not dissolve l«id, and were harder than is 
lljr found in the case of moortand wafers. Thornton Moor Reservoir 
was distinctly acid, and dissolved lead to a c*)nsiderable extent, 
^flcr treatment and filtration, however, the water was neutral and free 
^^ocD plumbo-solvent ability, and itj$ hardness wa^ much increaded, 

Stnbdeu Beservoir and AIos^ Spring watei^s were neutral, and did not 
^Staaotre lead. A mixture of equal parts of Thornton Moor Reservoir 
"^pvaler and Moss Spring water yielded a water pracdeally inee from 
^Acidity and plnmbo-^olvent ability. 

As has been 5tatetl Thornton Moor catch water conduit contained 

^E^eutral water on June 18tb. A sample obtained on July 2nd from the 

^^^anie source, and stated to be storm water, was neutral and free from 

'fl^^tion on lead. It is improbable, however, that this sample represented 

^Btorm water, because another sample received a few days after, and which 

"^^as jM^iy in colour, was found to be very acid and to act on lend iu the 

^■rmost marked way. The water from the south-west side of Thornton 

^^loor Reservoir was dry on June 18 th, but samples received at a later date, 

9ftjid during storm time, was extremdy acid, and dissolved lead to a very 

Igreat extent. The water from Lower Banlen Reservoir and from the 

JBurnsall supply was neutral and free from plumbo- sol vent ability. The 

%«*aier from Upper Barden Re^^rvoir and its northern bye-channel was 

^lightly acid and acted on lead to an inconsiderable extent. It is to be 

'noted that Bumsa 11 water, which contains a large amount of sprmg 

"Water, was much harder than the more peaty waters, e.g.. Upper Barden 

fiefiervoir water. 



RemarkM on the Results yielded % the Chemical EjtamimUion of the 
fVaieTM in reference to the observed Characters of the Gatherinff 
Ground, 

High Level Supply », 

Thornton Moor Gathering Ground. — The chnmctersof tills drainage 
areu, which have been already described, tire ot sueh a nature that it is 
not surprising to find that the water stored in Thornton Moor Reservoir 
is ttcid, It remains, however, to discuss, among otlier thingi?, why 
the large catch water conduit contained neutral water on June 18th- 
Bfiefly, oti that date the water derived from surface drainage was dry* 
and only neutral spring wtiter waij gaining access to the waterworks. 
It is true that a sample obiamcd at u later date, which was stated to bo 
atorra water, was also ueutnd, but this sample, to judge by its appear- 
ancc, did not truly represent storm water. A sample obtained a few 
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days later, which was evidently flood water, and which wjis much 
J discoloured with peatj matter, waa very acid. It seeans, then, that thiyj 
'catchwftter corxiUiit eoiitjiias neiitinl water during its dry weather flov 
and acid water during storm time. 

That the water in the small catchwater was acid is readily trndrr* 
stood, since it has been shown that water derived from the drainage of 
very peaty soil was gaining access to it. It is of particular interest tc 
note that the wat«r which drains from the sonth*west side of thft^ 
reservoir was dry on June 18th, but as soon as rain fell a very acid 
peaty water was discharged into the waterwiirks. The result oV tbel 
experiment, in which e^iual parts of neutral, mos5, spring, and acid* 
reservoir water were mijced, j8 of interest, as nhowing that moorland 
springs are usually nut only neutral, but possessed of some acid 
neutralising ability. 

Stuhden Gathering GroumL — ^It was shown that this eolleeiingj|^| 

ground differed in many importiiut respects from the foregoing, and li^™ 
was uoteii In particular that the spring water was large in amount, and 
the water derived from the drainage of peat was very much less than 
in the case of the Thornton Moor gathering ground. CoiTcspoudingly, 
the Stubden water was futund to bo neutral and free from action on 
lead. 



LatJD Level Supply, 

Upper Bardcn Gathering Ground, — Tlie sliglit acidity of thai 
reservoir water is easily accounted for. Yethers Gill and the north] 
bye-channel and cntchwater dmin laud unquestionably peaty, and the" 
water entering the watenrurkB on this side of the reservoir was found to^ 
be acid. Pussibly Padmires Sike, on the south side of the reservoir, may 
csODtain acid water in gtorm time. This is le!?8 likely to bo the case with 
the south catrli water, as it contains a considerable amount of spring water. 
That Upper I'ardeu Reservoir wiis not mon* acid appears to be due to 
the dry weuther ilow of the feeders being fairly abundant, owing to thdl 
presence ou tlie gathering ground of a considerable jjumher of hillsidej 
springs. 

Ixfwer Barden GathcrtHff Ground, — The chief supply to Lower^ 
Bardeii is from the Upper Heservoir, but there are a number of moor^r 
land btreamfci which also supply the waterworks. Lower Barden 
Reservoir was found to be neutral, and all its feeders had a similar 
reaeiion, The reason of this neutral condition of the various watera ^ 
seema Lo be traceable to the more favourable conditions prevailing ou the 
lower collectJosr ground. Thus the peat is thinner, the hill elopes are 
more abrupt, the drainage from the soil is more rapid, uud the peaty 
water is less and the f^pring water more in amount on the lower, as 
compared with the higher collecting ground. The gradual change of | 
reaction observed in Burden Beck is of especial interest, and may l>e 
explained in the following way. Possibly the mere delay of the water ] 
in its passage between the two reservoirs may have had some intluence, ] 
and probably the Eow of the water along the rocky and Niudy bed of 
the stream alfected the acidity, but most iikely of all ibe neutral spring 
water from Pitshaw Dike and Kittlety Sike pos^es^ed some acidj 
neutralising ability. 

In conclusion, nnd speaking generally, it is to be noted that the 
chemical results bore out in a remarkable way the observed characters 
of the gathering groonds. 
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Bradford Corporation Waterworks. 
Table S.— Chemical Besults. 



Deacription of 

theSMopleof 

Water. 



with 
Lacmoid. 



Acidity 

in Terms 

of 0.0. 

j5Na,00, 

required to 
neatralifle 
100 CO. of 
the Water. 



Hardnen 

(CaCOs 

parte per 

lOO/XX)). 



Action on Lead (Beaolta stated as Parts 

per 100.000). The action on Lead was tested 

by upward filtration throagh 50 c.c . 

Lead Shot at the rate of 3 mins. per 50 cc 



1st 
S0O.C 



2nd 
60 cc. 



8rd 
50 cc. 


4th 
50 CO. 


0-0 


0-0 


0-0 


0-0 


0-7 


0-8 


0-0 


0-0 


0-0 


0-0 


00 


0-0 



5ih 
50 cc. 



ATerage. 



Jane 12th, 189S. Brad- 
ford town water. 
High level aer- 



> , Jane 12th, l^dS. Brad- 
/ ford town water. 
Low IcTcl ser- 
vice. 






Jime leth, 18116. Thorn* 

ton Moor Reserroir 

water. Before 

treatment." High 

level supply. 

Jiinel9th,lS85. Thorn- 
ton Moor Reservoir 
water. After'treat- 
nwot" and flltra- 
tion. High Level 
supply. 

rvoe 19th, 1896. Moss 
Bpring water, Thorn- 
ton Jloor. High 
lerd supply* 

^^'nne 19th, 1896. Stub- 
ooiReservoir water. 
Higb level supply. 

'^''inieSUt,1886. Equal 
ixarta of samples 8 
and 6 mixed to- 
Sttther and allowed 
Ki stand ovemi^t. 

"^^ Sod, 1896. Water 
^tQm ThomtoQ Moor 
Q^tehwater conduit 
Jk4 point of enitranoe 
«to Thornton Moor 
j^oaervoir. Hlrii 
l«Tel supply. The 
^^miile was stated to 
>ft«"Btonn water." 

"^^^Ij 0*11, 1896. Same 
M above CNo, 8). 
^9Mb sample, bow- 
^rer* appeared to 
be miqiMStlonably 
**atoraA water.'* 

^^alyftid.1896. Water 
^on iron pipe No. 1 
^iiaobaKing _ into 
BbW. aide of Thom- 
son Moor Reservoir. 
On June 18th (date 
<rf Tisit) this water 
yae dry. High 
level supply. 

^Wuiu as above (No. 
^0). boi the waler 
'vas taken from iron 
MpeNaS. 



Neutral 



Neutrsl 



Acid 



Neutral 



Neutral 



Neutral 



P trace acid 



Neutral 



Add 



Add 



Neutral 



Neutral 



0*42 



Neutral 



Neutral 



Neutral 



P trace add 



Neutral 



Add 



0*90 



*64 



1*88 



9*8 0.0 0*0 0*0 



10*08 



3*92 



9-94 



3*86 



8-68 



0-0 



0-3 



0*0 



0*0 



0*0 



0*0 



0-2 



2*0 



0-0 



0*6 



0-0 



0*0 



0-0 



0-0 



1*6 2*0 2*0 



0-6 



8*0 



0*0 0*09 



0-0 



0-8 



0*0 



0-0 



0-0 



P Faint traces. 



0-0 



0*6 



0-0 



2-6 



0*6 



8*0 



rs 



0*00 



0*84 



0*00 



0*08 



0*00 



fl0 



8*0 
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. 


DeicriptioQOf 
the Sample of 


Reaction 
with 


Acidity 

in Terms 

of cc 

i5Na,C0, 


Hardness 
(CaCO, 


Action on Lead (Results stated as Parts 
per 100,000). The action on Lea 1 was tested 
' by upward filtration through 60 cc. 
. Lead Shot at the rate of 8 mins. per 50 cc 


Q 


Water. 


Lacmoid. 


required to 
neutralise 
100 ox. of 
the Water. 


parts per 
100,000). 






1 


1st 2nd 
\SOCJO, 60 cc 


Srd 
60 cc 


4th 
60 cc 


6th 
60 cc 


Aversge. 


12 


Same aa above (No. 
10), bat the water 
was taken from iron 
pipe No. 3. 


Acid 


1-66 


— 


20 3-0 3*0 

1 


8-5 j 8*5 

i 


300 


IS 


Same as above (No. 
10). but the water 
was taken from iron 
pipe No. 4. 


Acid 


1-50 


"" 


2-0 ' SO , 8*0 

! 
i 


8*0 3*0 

1 

1 

1 


2*80 


14 


An;. 24th, 1805. Lower 
Barden Reservoir 
water. Low level 
supply. 


Neutral 


Neutral 


4'S 


0-0 . 00 ' 0*0 

1 


00 0*0 

1 
1 


0*00 


16 


Auc. 24th, 1806. Upper 
Barden Beservoir 
water. Low level 
supply. 


Acid 


0-30 


2*7 


1 

00 . 01 

1 


0*0 


0*2 0*2 

j 


0-12 


16 


Aug. 24th,1896. Bum- 
sail water (joins 
Barden conduit). 
Low level supply. 


Neutral 


Neutral 


7-7 


00 ! 0*0 

i 

1 


0-0 


00 1 e*o 


0-00 


17 


Aug.24th,18»6. Water 
from bye-channel, 
north side of Upper 
Barden Reservoir. 
Low level supply. 


Add 


0*18 


21 


0-1 j 01 0*1 

1 ! 

; 1 


0*1 0-1 

1 
1 


0*10 
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SvLVvey No. 9. 
BURNLEY CORPORATION WATERWORKS. 

SorBCB OF THE WaTKR SrPPLY AXD GeXERAL DESCRriTION 

■ OF TBE WATERWtmK!?. 

The supply is obtained from moorland gnthering grounds nt Omt 
CJough aud ywinden, about four mites from Burnley. Another source 
^0upply is from hilbide springs in the same neighbourhood, 
^Crj/i/ Cloftgh Gaihtrinq Grotifid. — Cant Clougli Reservoir obtains 
its chief Ruppiy of water from Cant C'lou«:h Beck, which dmins a large 
itrea of moorlftnd. Other mid smalkr mountain streams enter the sides 
of this reirervoir, while a considerable amount of water drains off lOOacre^ 
of moorland into a catehwater conduit which enters the reservoir near 
lU embankment. The unti!tered water from Cant Clough Reservoir is 
conveyed into a reservoir {Heckenhurst) situated at a Jowcr level, which 
mlso receives the water from Svvinden Reservoir fNo* 2), and from 
lin hillside springs, and which supplies the low levels of the town. 
There is no arrangement for excluding storm water from the wnter- 
^ end the uhole of the water draining from this gathering ground 

^_j pass through the reservoir ; in consequence after a Hood the water 

10 Bie reservoir is slightly fouled. Land ha;* recently been jmrchased 
by fbe corporntion for tlie laying down of filter beds, and it is proposed 
in the future to filter the water from Cant Clough Reservoir. Cant 
Clougli Reservoir embankment is ballasted witli broken stones, and 
Itc'bed with heavy ashler pitching. The inside of the reservoir \^ not 
rer**d with broken stone. 

itcinden Gaihertng Ground. — Here there are two reservoirs for 

aeslic use, Swiijden No. 1, and Swinden No. 2. The latter, which 

[fetl fftilirely from Swinden No. 1, sends its water f(untilteretl) to 

ckenhurst Reservoir, which, as ha^ been ah'eady mentioned, receives 

the water from Cant Clough Reservoir and frotn hilbide springs, 

■applies the low U'>els of the town. A separate and indepeudent 

tfrom Swinden Het^ervoir No. 2 goes direct to tho town to supply 

high-level service. 1'here i?* pnurfically ordy one source of water 

pply to Swinden Reservoir No. I, and this is fx'om Swinden Brook, 

iich drains a large traet of moorland. A watercourse runs along one 

! of Swinden Reservoir No. 1, and by its means .storm water ean bo 

fted from the supply. Tho whole of the inside of Swinden Reservoir 

lasted with broken stones, and the slopes of the embankment are 

ched with heavy ashler blocking. 

Springs ** Sttpplg. — This source of tiupply is from hillside springs* 
iknd in each case, as the wat^'r issues from the groimd, it is received into 
Lchamber, and conveyed IVom thence to a cenlrni ehamber, from whence 
\ wafer i« carried in iron pipes to Heekenbtirst RL-servoir, 

water from Heckenhurst Reservoir, vvhieh contains a mixture of 
Slough anti Swinden waters with the spring water, is conveyed, 
Sthout being filtered, to the low levels of the town. 

I The following notes on Burnley Corporntion Waterworks are of 
erest : — 



Rainfall, 

I Average yearly rainfall in Burnley 

„ 5, on Cant Clough gathering 

ground - . - 

.. „ in Swinden gatljering ground 

£ 88579. 



- 40 'Co inciies. 



4107 
43 84 
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Capacity of the Reservoirs. 



Ueservoir. 



Level 



,, •. Top Water I n *i ' a 

Capacity. ! f^ , . Depth. Ami. 



Cant Clough 
Swioden No. 1 
Swinden No. 2 
Heckenhurst Reservoir 



Gallons. 

250,000,000 

116,000,0«)0 

31,000,000 

2n,uoO,000 



Feet. 
924 
802 
780 
€05 



Feet. 


A. 


ir. p. 


Gl 


38 


t) 


70 


18 


3 21 


38 


4 





20 


4 


2 15 



Drainage Areas. 

Cant Clough • 1,000 acres. 

Swinden - G60 acres (domestic), 985 acres (compensation). 



Yield of JVatcr and Consumption of Water. 

Cant Clough Supply — Swinden Supply. — The yield from the Cant 
CJough and Swindt-n gathering ground cannot be accurately given, the 
water not being ganged at tlu* inlets. The amount drawn for consump- 
tion for the year ending March 2oth, 1896, was, on an average, daily, 
1,447.518 gallons from Swinden Tlesei-voir, and 773,000 gallons from 
Cant Clough lloservoir. 




Daily Rainfall from February 26th, 1896, to March 26 th on 
Gathering Ground. 



189G. 

1 


Swinden. 


Cant Clonjih. 

1 




1896. 


i Swinden. 

1 


Cant Clough. 




Inches. 


i Inches. 






Inches. 


Inches. 


Feb. 26th - i 


0-00 


• 00 


.\rar 


.13th 


- 1 0-49 


0-44 


„ 27th - 


0-23 


0-16 




14th 


- ' o-oi 


0-01 


„ 28th - ' 


0-27 


0-24 




15th 


- i 0-46 


0-44 


„ 29th - ! 


0-05 


U'CS 




16th 


- 1 003 


0-05 


Mar. 1st - , 


0-04 


0-05 




17th 


- 010 


o-iu 


„ 2nd - 


0-47 


045 




18th 


- 0-CO 


0-00 


,. 3rd - 


0-35 


OlTi 




19th 


- , 014 


g-11 


„ 4ih - 1 


0-14 


015 




20th 


0-14 


012 


„ Sth - 


0-17 


015 




21st 


- i 001 


002 


„ 6th - , 


0-38 


O'AH 




22ud 


- 1 001 


o-oi 


n 7th - 


0-82 


0-70 




23rd 


- ' 000 


0"J0 


„ 8th - 


0-OG 


• 05 




24th 


- 1 0-04 


0-04 


„ 9th - 


0-02 


1 • o:i 




25th 


- i 0-50 


0-44 


„ nth - 1 


0-2.J 


0-20 




26th 


- 1 0-38 


0-37 


.. 11th - 


03 


0*02 






__, . 




„ 12th - 


0-00 


o-oo 






1 6-19 


5-C8 
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Notes on the Characters of the Gatheriuff Groundt^ 

Cant Clongh and Sirhidcn Gatherhig Grounds* — These are moor- 
land gratJienDg groiuuls, a^tl thej do not differ from each olher 
©ufficientlj to need a separate description. 

In the neighbourhood of the res erroirs the vegetation is chiefly com- 
posed of rou^h pasture grass, and tlie £oil is more or less peaty. Hiofher 
tip on the flatter portions of the gathering ground heather and moss are 
abundant, and tlie soil is exceptionally peaty- The slopes of the hills 
-aie such a* to allow of efficient drainage of the land, but areas also 
«xist where Ihe rain is not is not earned rapidly awiiy, and lu*re tho 
x^ain saturates and lies stagnant in the peaty ssoiL Theae areas are to 
Bje found chiefly on the higher and flatter portioits of the jjathering 
^rotmdB, and It is in these places that mo^ and heather and beds of 
^»eait and marshy land are to be found. Bet-ides the water derived from 
^Rjrf&ce drainage, there is a considerable amount offspring water. 

" Springs " Supply. — This :?iipply is from hillside springs, and aitords 
^1 good example of moorland spring water unmixed with surface water 
^^rhich is yet comparatively soft. 

Speaking in general terms, the geological formation is carbon if em us 
sandstone with boulder clay mixed with drift limestone in the valleys. 



Conditions found to exist oh the Gathering Grounds on March 26th ^ 

1806, 

The niinfall from Fehroavy 2t>di to March 26th (inclusive) is given 
in an accompanying table. Jt is to be noted that there was heavy rain 
Viefore March 26th, and the streams in consequence were running fuller 
%litkn norm a L 

Lacmoid was used to test the reaction of the various waters, Ejt- 
;jieriments show that when a water gives a neutral renctioii with this 
indicator, it will not dissolve lead to any appreciable extent under 
Xahoratory conditions of experiment. 

Cant dough Si/stew, — The water in Cant Clough Reservoir wiis 

t:«sted at various point?, and it contained only traces of acid, Cant 

dJIough Beck, wfiich, owing to the heavy raius, contained much suiiace 

"I5vat<;r, was distinctly acid. This mountain stream was traced upwards 

t:o wards its source lor a considerable distance, fmd it was found thiit it 

i^iiTided into two sej^mrale streams, ench of which was acid. Some 

~ i^Taall feeders which enter Cant Clough Beck and dr.iin peaty land were 

^Udo tested, and they were founti to be acid. Along the right bank of 

"^ lie reservoir a nutnber of .small streams were te^ited. Four of tJiese 

"^^cre neutral and four aciJ. The acid streams appeared to contain 

^^hietly peaty water and fhe neutral ones spring water, or a mixture 

^^f peaty antL spring water. The sitreams entering the left side of the 

^*~cservoir were small ; out oF six tested four were acid. On this .^ido 

^^:^f tho reservoir a good example of one of the so-called *^ oelu'e" springs 

^s-o common on mo<.^rlutid gathering ground was fouiuL The wati r, ih 

^^-ppe^irs to be the rule, was neutral The catchwater conduit entering 

^ lie rejiiervoir near its embankment contained water tvhiclj was <lis* 

"•- inctly acid. The same remark applie-^ to a mountain iilream drnining 

i^eatj' land which enters the reservoir nenr Cant CUotjgh Beck. Speak- 

^*^ %ig in general terms, and so far as could be ascertaintd, those streiims 

^^^^hich contained mucli surface peaty wjitcr were acid, and tiio^e which 

^^'«)u mined spring wtiter, or o mixture of spring watiT with a siu iU 

'^^mtunl of peaty water, were neutml 

I 2 
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Swindcil System. — Swinden Reservoirs (No. 1 and Xo. 2) contaiued 
neutral water. Swinden Brook was, however, acid, and contained much 
peaty water. This water, however, does not enter Swinden llesen'oir 
during flood time, owing to the provision of a storm watercourse. 

. " Springs '* Supply. — TIio spring water was neutral in reaction. 

The water in Heckenhurst Reservoir, which contains a mixture of 
spring water and Cant Clou;4b and Swinden waters, was neutral. 

Various samples of water were collected for more detailed examina- 
tion. The results are given in an accompanying table, hut briefly they 
may be doscribed as follows : — 

The water from *• springs" supply, from the outlet from Swinden 
Reservoir (No. 1) and from the " Lov/er " Reservoir, where the various 
waters nii.x, was neutral, and liad no action on lead. Cant Clough 
Reservoii" water was faintly acid, and dissolved lead only to a very 
small extent. Swinden Brook was acid, and had a very appi*eciablo 
plumbo-solvent ability. Cant Clough Beck was decidedly acid, and 
dissolved lead in a marked way. It is important to note, however, that 
an equal mixture of the spring water with Cant Clough Beck (flood 
water) yielded, when tested for acidity and plumbo-solvent ability, 
practically negative results. Samples of Cant Clough and Swinden 
water obtained at a later date, and under ordinary conditions of rainfall, 
yielded, on examination, interesting results. Both waters now contained 
only traces of acid and acted only faintly on lead. 

The bacteriological examination of the water yielded the following 
results: — The outlet water from Swinden Reservoir No. 1 contained 
960, Cant Clough Reservoir water 225, Swinden Brook 414, and 
Cant Clongh Beck 960 micro-organisms per c.c. respectively. 

Ee marks on the Hesnlls yielded by the Chemical Examination of the 
fVaters in reference, among other thing s^ to the observed Characters 
of the Gathering Ground. 

It is especially to be noted that the conditions found to exist on 
March 26th, 1890. were not normal as regards the rainfall. Owing to 
the heavy nun.s, a large amount of surface water was entering the 
waterworks, and many small streams were running full, which, under 
ordinary conditions, are said to contain little or no water. 

Cant Clough System. — It is of interest to note the nearly neutral 
condition of, and almost entire absence of, plumbo-solvent ability in the 
water of Cant Clou<rh Reservoir as compared with the great acidity and 
plumbo-solvoiit ability of liio water in its main inlet feeder. Cant Clough 
Beck. Th(^ diflerence in the quality of the two waters may be 
accounted for in the following way : — There can be little doubt that the 
condition of the water in Cant Clough Beck on March 26th was due to 
the large amount of surface water draining into the supply from peaty 
land as a eunsecpience of the heavy preceding rains. A sample of water 
obtained at a later date, and tmder ordinary conditions of rainfall — when 
the surface peaty water would be much reduced in amount and the 
spring water relatively increased — was found to resemble the watsr 
in Cant Clough Reservoir, being almost absolutely free from acidity 
and plumbo-solvent ability. It is not unlikely that the other 
streams which on March 26tli were acid, would, like Cant Clough Beck, 
be neutral under ordinary conditions. That Cant Clough Reservoir 
water was practically neutral and free from plumbo-solvent ability seems 
to be due to the fact that it is only in storm time that the streams which 
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supply the reservoir with water are acid. Nevertheless, a large amoimt 
of acid water apparently dees enter the reservoir, and it requires 
explanation why this water does not influence the reservoir water to a 
greater extent. Its smail amount relative to the total bu]k of water 
might be considered sufficient explanation, but it is of interest to note 
also that experiments show that the tendency is for an acid water to 
undergo some diminution of its acidity under conditions of storage. 
Further, it is quite possible that during drought the feeders supply the 
reservoir with water which is not only neutral but possessed of some 
acid neutralising ability. 

Swinden System. — The above remarks apply very closely in the case 
of this water supply. Swinden Brook was found to be acid and Swinden 
Reservoir neutral on March 26th. Swinden Brook, examined at a later 
date aad under more favourable conditions as regards th.e rainfall, was 
nearly neutral. The neutral condition of Swinden Reservoir as com- 
pared with the slightly acid state of Cant Cloiigh Reservoir may be 
traced to the smaller amount of acid in Swinden Brook as compared with 
CantClough Beck, and also to the provision of a storm watercoursa in 
connexion with the former system of water supply. 

In concluding the remarks on Cant Clough and Swinden systems the 
following points deserve notice. The acid condition of these mountain 
streams in flood time is not remarkable in view of the peaty nature of 
portions of the gathering ground and the possibility on certain areas of 
the rain stagnating in the peat. Experiments show that peaty water 
(whether natural or artificially prepared) is usually acid and possessed 
of plumbo-solvent ability. The pi-actically neutral condition of samples 
of Cdnt Clough and Swindon Beck obtained at a later date, and under 
ordinary conditions of rainfall, is to be accounted for by the comparative 
absence of sui-facc peaty water and the relatively large amount present 
of spring water or of water altered in character by its passage through 
or over rocky soil. 

^^ Springs" Supply. — This water, as might have been expected, was 
found to be neutral and free from plumbo-solvent ability. Hillside 
springs on moorland gathering grounds appear to be always neutral and 
free from action on lead. In some cases, indeed, a slight acidity has 
^^n detected, which disappears en exposure of the water to tlie air, 
*»»d is probably due to the presence of minute traces of carbonic acid, 
from experiment No. 9 of the accompanying table of chemic^.l results 
*^ ViU be noted that this spring water was not only neutral, but 
possessed a considerable acid neutralising ability. 

Heckenhui*st Reservoir was neutral and free from plumbo-solvent 
ability. It is probable that even if Cant Clough and Swinden Reservoirs 
applied acid water to this reservoir it would be neutralised by the 
*»terfrora ** springs" supply. Spring water i^ not only neutral but 
•Iways appears to have as well some acid neutralising ability, 
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I3URNLEr COBPORATIOX WaTEBWOKKS. 

Table 9. — Chemical and Bacteriological ResutU. 



ti 



Drsoription 

of the SampK* of 

Water. 



_ I ofc.c. 

Reaction ^ 

with l-io^'"*"*'! 

100 CO. of 
tho Water. 



Acidity < Action on l/tA (Rpaults stated as Parts 
in Terms per 100,000). The action on Lead was testeil 



by upward filtration through SO c.c. 

washed Load Shot at the rate of 3 miiiH. 

perSOcc. 



ist I tod I Srd ! 4th 1 5th A^e--e 
50 c.c 50 ex. 50 ex. 50 c.«. I 50 cc Average.. 



Xaniber ol 

MicfY>- 
Organisnu 
in 1 cjc. of 
the Water 



"Spring" water, i 
March 27tli. !»<;♦«;. I 

"Outlet" from Swin- 
den Rcsen'oir No. 1. 
March 27th. Is:h>. 

Water firom Hocken- 
hurst Reservoir, 
containing mixture 
of spring water 
and water from 
Cant Clougli and 
Swinden Reservoirs. 
March 27th. X'sWu 

Cant CIoukIi Rt»ser- 
voir water. March 
27th, 18W. 

Swinden Brook during 
flood. Maroli 2;th, 
1890. 

Swinden Brook durini; 
dry weather. April 
2nd, 1896. 

Cant Clough Beck 
during flood. March 
27th, 1806. 

Cant Clouich Beck 
during dry weather. 
April 2nd. 189G. 

fiaual parts of the 
* spring " water 
(Experiment No. l) 
and of Cant Cloutrh 
Beck water (Ezpi>ri- 
ment No. 7) mixed 
together, and kept 
in an nnstoppored 
bottle for three davs, 
and then tested for 
acidity and plumbo- 
■olveut ability. 



Neutral Neutral ' 0*0 , 0*0 ' 00 0*0 00 i 0*00 

! . ; I 

Neutral Neutral ; 00 I 0*0 00 00 i 0*0 



Neutral Neutral 



Trace arid Trace acid 



Distinctly 0'42 

neid. 



Trace acid Trace acid 



Very acid 0*78 



00 , 00 : 00 00 . 00 



Traces. 



000 



0-00 



0-2 



10 



1-6 



I 



Trace acid Trace ac.d i 



? Very faint Trace acid 
truce acid. 



5 0-5 



Traces. 



19 



1-9 



Traces. 



Traces. 



0-6 



1*9 



0-42 



i-e5 



tieo 



414 
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Survey No. 10* 

COLNE WATERWORKS. 

Source of the Wateb Supply and General Description of thk 

Waterworks. 

The supply ia obiaiof^d from Iiill>ide springs and from moorland and 
tpringf^ at Laneshaw. 

Miliside Springs. — There are two springs known as Tln^ and 
Barnside Springs. The water from these springs is piped to Bent's 
Seri'ice Reserroir and iseonveyed from thence hy n single main t« Colne. 
Bent's Sen ice Reservoir also receives the water from Laneahaw, although 
this water can be passed directly into consumption, 

Laneshaw Si/stem. — The water from Laneshaw Brook is collected in 
Ltneshaw Resei^voir ; thence, after iiltnition tli rough sand and pL>hirite^ it 
joins the w^ater from Bonnie Booth Springs and passes either directly into 
consumption or is dammed back to rai&e the level of the water in Bent^s 
Service Reservoir. The water from springs known hs Bonnie Booth 
Springs is piped past Laneshaw Reservoir to join, at a lower level, the 
filtered water from Laneshaw Reser\'oir. 

A storm watereour.<ie exists in connexion with Laneshaw Brook, and 
in flood time none of the water is allowed to enter the iT^servoir, 

L 



The following notes on Colne Waterworks are of interest: — 

Baiufaif. 



Average yearly rainfall on gathering ground, 34^^ inches. 

Capacity and Top Water Level of Laneshaw Reservoir. 



Capacity. 



To|j Water 
Level. 



I^iieshaw Kes«rvoir 



GaHoD^. 
81 railhous. 



Feet, 

858 



Drainage Area* 

Laneshaw drainage area, 779 acres. 

Tield of district for drought of 150 days: — 

73 million gallons in reservoir for compensation water. 

8 „ „ 9, for town supply. 

8»000,000 gallons -s- L50 days = 50^000 gallons per day for town. 

Yield of springs in dry weather 250jO<JO 

Total from Laneshaw • 300,000 

Supply from Bent's Reservoir 80,000 



Total supply to town 



- 380,000 gallons. 
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Consumption of Water, 
The consumption of water is estimated at 350,000 gallons per day. 

Z>rti7y Rain/all from March 9th to April 9th, 1896. 



Date. 



Xew Gauge 

Works 

A. 



i 



Date. 



I New Gauge 
Works 



March 9th 
10th 
lUh 
„ 12th 
„ 13th 
„ 14th 
„ 15th 
„ 16th 
„ 17th 
„ 18th 
„ 19th 
„ 20th 
„ 21st 
„ 22nd 
„ 23rd 
„ 24th 
,, 25th 
„ 26tb 
» 27th 



. I 



Indies. 

•006 
•05 

•037 

•024 

•05 

•04 

•on 

•013 



•05 
•09 
•030 
•035 



March 28th 
„ 29th 
„ SOth 
„ 3l8t 

Totah} 



April 



1st 
2nd 
3rd 
•4th 
5th 
6th 
7th 
8th 
9th 

Totals 



- 


Inches. 
•030 
•020 


- 


— 


- 


2iftV 




•Oil 
•09 

•03 




— 


- 


^^ 



Notes on the Characters of the Gathering Ground. 

Flass and Barnside Sprinr/s are hillside springs which yield an 
abundant and constant source of water. The slopes of the hills on this 
portion of the gathering ground are covered with rough pasture grass, 
and the rock underlying the surface soil is sandstone grit. 

Bonnie Booth Springs. — Tlie water from these springs is received 
into a closed chamber as soon as it issues from the ground, and is piped 
directly into the waterworks supply. A similar aiTangement exists in 
connexion with Flass and Barnside Springs. The site of Bonnie Booth 
Springs is near the entrance of Laneshaw Brook into Laneshaw 
Reservoir. 

Laneshaw Brook and Laneshaw Reservoir, — Laneshaw Brook drains 
a large area of moorland. Towards its source the character of the 
ground is essentially peaty, but lower down the surface soil is much 
less peaty and supports the growth of rough pasture grass. The bed 
of the stream is rocky, and the denudation of the sides of the valleys 
allows a large quantity of sand and rock to be washed down its 
course during storms. In addition to the water derived from sur&ce 
drainage which — especially in its upper reaches — is more or less peatj 
in character, Laneshaw Brook receives a large quantity of spring 
water. 

The rock underlying the surface soil is sandstone grit. 

Conditions found to exist on the Gathering Groftnd on April 9thy 1896. 

liacmoid was used to test the reaction of the various waters and it is 
to be noted that when a water gives a neutral reaction with this reagent 



if %vill not dissolve lead to anj ftpprecfable cxtufit under laboratory 
conditions of experiment. 

'Jbe water from Flas^, Barimide, and Bonnie Booth Springs was 
ti^'i:iH"al in reaction. Lanesliavv Brook was running very low, owing to 
llt^ prolonged drought, and contained chiefly spring water. It was 
ii<3i-itrid in reACtion, and a sample of water obtuinetl ata later date^ and in 
tlrx>d time^ was alsio neutral. 

'X'lie water in L;ineshaw Reservoir was neutral in reaction. 
Samples of water were collected for more det^uled oxauiination from 
i*''liia^<, Barnside, and Bonnie Booth Spxings, and from Laiieshaw^ 
IK.^e^'S.ervoir, Later, a sample of llood water was obtained from Lancsliaw 
^Br^ook, and a sam[jlc ol water from an *' ochre*' spring on the gaiheriug 
,g"r o iir.d. 

!^3riefly, the examiu.ilion of these waters showed that they were all 
^*^^:mtral and free from plumbo-solveut ability. 



^^^^ikQtht on the Ht'suifs tjieldetl bt/ the Chemital Exarra nation of the 
fPhiers in rrferencc to the observed Cfmractent of the Gatherintj 
Ground, 

"^"he neutral condition and freedom from action on lead of the spring 
^^'^^ tiers raitj^ht have been expected. Omitlinjof the consideration of those 
^I^^^ing waters, which contain an excess of free carbonic acid, it is a 
?*^*^tler of experience that spring waters are neutral and do not act on 



It remains only to consider why Laneshaw Brook, which drains 
^^ *^><orland, is similorly free from acidity and plnmbo-'^olvent ability. In 
** ^^ connexion the following points arc to he noted : — 

C 1-) The largo amount of spring water relative to surface water. 

C 2.) The character of the soil drained. 

^ It has been already ^aid that the lower reaches of Laneshaw Brook 

^^^"^^.in land only partially peaty, and covered wiih rough pasture grass, 

**■*> ^ that it is only towards iis source that pent is abunilaut, either in 

^^f>erfic]al extent or in depth. 

C3.) The run of the wattr for a eonsiderable distance on a rocky and 

sandy betl, subject to constant renewal by denuding ageacie:*. 
Xastly (4.), tho rain apfK^irs lo run rapidly off the surface of the 
ground over most of the gathering ground, ahhough, no doubt, 
in places exceptional opportunity exists for its stagnaliou in 
the soil. 
It might hare been expected, however, that Laneshaw Brook would 
^^ add in flood time* This doe? not seem to he the cnse, since a sample, 
^^itained during storm time, was neutral and free from plundx^-solvent 
«*ility, 

Poeaibly at one period of a storm the water may lie acid, namely^ at 
^ts beginning, when the nun washes out the soil water which baa kin 
*here for some time previous. 

The neutral cotiditjon of Laneshaw Reservoir indicates that, at all 
*'^ents, for some montlis before the day on which it was tested* it must 
hiire been supplied with neutral water from Lauej^liaw Brook. 

!n conclusion, it is to be iic^ted that the provision of a watercourse to 
Cftrry off the water from Laueshaw Brook| in storm time, must t^euedcially 
tfect the quality of the water stored in the reserToir. 



l>es<Tiption of 
"g Ujc Sample of 

g I Water. 

1 
a, 
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COLNE WaTEBWOBKS. 

Table 10. — Chemical Results. 



Acidity. 



! Actioa on I>f?ad tr^jinUs stated as PartM 
n- 100,000). The ucticiu on Lead waa t«stcd 



> -. ^ per 100,000). The ucticiQ on Leaa waa t«stcd 

In terms fey Vpwani Filtration through 60 cc. washed 
■ ofcc. I ** Lewi Shot 



Reaction j^NatCQ, | 



100 CC. of lilt 2Dd 

the Water. ■ 50 cc. : 50 cc. 



3rd 
60 cc 



4th 5th 'a,.^^.^ 
60cc!50ccr^^^"*^- 



1 April lOth, IWirt, water ' Neutral ' Neutral 00 , 00 0*0 i 00 I 00 0*0 

from Flasjf Sprinf^ > ■ 



■ I Te« 



1 



2 April 10th, 1S06. water ' Neutral ' Neutral 0*0 0*0 0*0 
from Kamside j ■ 

SprinfRi. I 



5 April imh. \9»i\ water | Neutral 
■ from Bonnie Booth j 

; Spring!!. 

4 I April loth. IMN]. water Neutral 
from Luneshaw ' 

j Ro»«'n-oir. , 

6 April 2oth, 1SI«0, water ' Neutral 
, from Laneshaw 

I Brook. I 

6 Ma^' 12th, IfW. water ' Neutral 
I from" ochre 'spring. 



I 
Neutral 00 I O'O 0*0 



Neutral 00 I O'O 0*0 



O'U I 



0*0 I 00 



00 I 0-0 



0-0 



Neutral 
Neutral 



0*0 O'O 0*0 I 00 



O'O 



0-0 



00 



00 



0-0 



0-0 ' 0*0 0-0 I 0*0 I 0*0 ' 0*0 

! ! I I ! 
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Survey No. U. 
DEWSBURY AND HECKMOXDWIKK WATER BOARD. 

SOUBCE OF THE WaTER SuI*PLY AND GeNKBAL DESCRIPTrON OP 
THE WvTEKWOItKS. 

The water supply of the Dewsbury imd Heckaionthvikc Water Bonrd 
IS obtained from moorland feathering ground mtuate at Dunford Bridge, 
ftbout 16 mile* s<5ath-we^t t'n» u De\v**l»un', 

Dunford Bridge, the chief* storage reservoir, is situated in the vjillejr 
o£ the Don, at a height of l,lOOfeet above sen level. The raain sotirces 
of j^upply to this reservoir may briefly be ^lescribefl as follows: — 

Great Grairu Middle Gmiiu and Little Grain Clongh-i unite to form 
the River Dou, whicli, after receiving the water from Swinehill and 
Suailflden Clonghs, und nuuierou? smaller feeders, discharges into the 
raservoir at its ncirlh-wefteru exlremitv. 

Dearden Clongh iind Deiirden Sjiring enter the reservoir at its soutb- 
uresiern end. 

Besides the above, there are a large number of sinall feeders which 
enter the reseixoir at varioas points. These contain chiefly furface 
drainage water from peat, and during dry weather are for the most part 
empty. 

A watercourse connects Dearden Clongh and the River Don, jmd a 
large number of ^jmall stream!-, chiefly of the nature of peat draiusi, 
are piped into thisf channel. The water derived from this source, 
however, is inconsiderable exc<^pt in storm time. 

Another wntrrooursc extends jdong the north side of the reservoir. 
it is connected with the River Don at its upper end^ and terminates at 
the reservoir embankment, from which point ihe water is conveyed by 
pipes acmss the Harden Valley to the aqueduct leading to the towns* 
Several small feeders open into this chimnel simitar in character to 
those discharging into the western conduit. 

The water, after leaving Dunford Bridge Reservoir, is conveyed with- 
oat fillration to Broadstone Reservoir (on Hoe of aqueduct) und Whittey 
Reeervoir (at end of aqueduct and beginning of piping). 

The daily qnantity of compensation water which has to be delivered 
to the River Don is 1,889.2S5 gallons. 

The following notes on the waterworks are of interest : — 



MainfalL 

Average yenrly rainfall in Dew.sbur}'. |No record. 

„ ,. ., on the gather ing ground, 50 ' 32, 1802 to 1895 

inclusive. 



* There are two itoruge resen'oire^I'ppcr and Lower WindledeD — ooDstructed 
on the Wicdledon Dmok. The level of the Lower Heservoir is stich that water caa 
oaly b*? oficd for eompc^n^atioii purposes. The upper can be used for sapply a«i well 
as for eompeD?fttion, Two additional reservoirs are beiiig conntructed io the Harden 
Valley at Dunford Bridge, which will increase the storage 137,000,000 gidlona. The 
sdditmimt draiufige area thus obtained ^rill be 4^6 acres. 

f Tliene are no rt'tnrns over so lon^ n period at Dewsbory but the comparUoo 
for 1S95 stands an 44*50 inches at Dunf^jrd l^ridge» to S&*60 at Btaindiffe, near 
pewsbaxy. 
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Capacity, S^c, of Ditnford Bridge Reservoir. 



Capacity. 


Top Water Level. 


Depth. 


Area. 


Cubic Feet. 
39,402,197 
Gallons. 

245,849,487 


Foet 0.0. 
1,100 


Feet. 
70 


A. R. V. 

31 5 



The capacities of all the reservoirs are as follows : — 

On the Drainage Area at Duffford Bridge. 

Gallons. 
Dunford Bridge Reservoir - - - 245,849,487 

Lower Windleden Reservoir - - - 82,765,587 

Upper Windleden Reservoir - - - 137,794,740 



466,409,814 gallon 

Reservoirs having no Drainage Areas, but fed by JVater taken to 
them from Dunford Bridge, 

Gallons. 
Broadstone Reservoir (on Hue of aqueduct) - 80,822,173 
Whittey Reservoir (at end of aqueduct and 

beginning of piping) - - - 45,009,767 

125,831,940 
466,40I),811 



Total storage - 592,241,754 gallons 
Consumption of JVater, 
859,730,280 galloas for year 1895 for joint board and outlying 
districts. 

Drainage Area. 
1,300 acres. 

Daily Rainfall on the Gathering Ground from October 23rd, 1894, 
to November 23rd, 1894, inclusive. 



Date. 



Inches. 





1894. 


October 


23 


»> 


24 - 


i> 


25 


»» 


26 - 


»» 


27 


>> 


28 - 


>» 


29 


»» 


30 - 


i> 


31 


NoTember 1 


ti 


2 


n 


3 


)t 


4 


»» 


6 


»t 


6 


i» 


7 



47 
01 
96 
79 
17 
19 
80 
0-00 
0-11 
0-35 
03 
13 
09 
00 
04 
56 



Date. 



1894. 

November 8 

9 

,. 10 

H 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 



Inches. 






G» 





09 





45 





07 





20 


1 


10 





09 





00 





•0 





02 





00 





05 





15 





•00 





03 





•00 
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Notes on the Characters of the Gathering Ground, 

The gatberiDg ground cousists almost entirely of moorland, with a 
^niall area of mountain pasture. 

Xhe surface soil is peatj, and it may be stated in general terms that 
peat is abundant superficially and in depth. Its depth* is greatest on 
the liigher and flatter portions of the collecting ground, and least on 
tbe lower and more abrupt slopes of the hills. 

Xhe geological formation underlying the peat is chiefly Millstone 
^rrit, and shales of the carboniferous series. In consequence of their 
liroken character they yield a considerable quantity of spring water. 

Xhe vegetation for the most part heather and moss, but there are 
also areas covered with rough pasture gmss. 

Xhe slopes of the hills near the reservoir are very abrupt and the 

^i*aiiiage from the soil good, but higher up on the collecting ground 

^O'^'ards the ultimate source of the water supply the conditions are not 

'*^o favourable, eg,, the upper reaches of Grain, Little Grain, and 

S winehill Cloughs. Here the ground is flatter, and the water does not 

^ovyr so rapidly off the surface, and there is a tendency for the rain to 

^*^t;\irate the peaty soil, and to stagnate, forming peat and moss pools 

*^* '^tl marshy places. 

^lost moorland water supplies are deficient in spring water, and rich 
*^ *^ surface drainage water. This particular supply is not an exception 
^ ^^ t.\ie rule, yet it may be said that here the dry -weather flow is fairly 
S^->c>cl, and that the proportion of spring to surface water is rather above 
'^"^'^ average. 

T*he larger feeders run on rocky and sandy beds, which are subject 
^^ «•. certain amount of renewal from the constant denudation of the hill- 

In conclusion, it is to be noted that the characters of the gathering 
^i^o^nd are such that the bulk of the water draining into the supply is 
^~^^**ived from the surface drainage of peat. 

^^t^ndit ions found to exist on the Gathering Ground on November 23, 

1894. 

-As is shown in an accompanying table, the rainfall for some little time 
^**^Tious to the above date was below the average and in consequence 
^^^^^y of the streams supplying the storage reservoir were dry, or 
^^^i^tained very little water. 

Xacmoid was used to test the reaction of the various waters, and it is 

^^ "be noted tliat — under laboratory conditions of experiment — when a 

^^«^ter gives a neutral reaction with this reagent it will not dissolve lead 

^ any appreciable extent, but that when the reaction is acid, then the 

^^ter is capable of dissolving lead to an extent depending on the amount 

^^ the acidity.. 

Dunford Bridge ^leservoir water was tested at various points, and the 
^ater was found to be acid in reaction. 

On the south side of the reservoir two small streams draining from the 
l^at were found to have a distinctly acid reaction. 

Dearden Clough and Dearden Spring were neutral ; but it is possible 
tljat the former may be acid in storm time, when the proportion of surface 
Water to spring water is increased. 

The small streams which under ordinary conditions discharge into 
the western watercourse and derive their water chiefly from peat 

♦ The depth of peat probably varies from 1 to 6 feet. 



drainage, were dried up, and so could not be tested. The same remar'- ^^* 
applj to similar streams discharging into the northern watercooTSt=^- 
One of these, however, contained sufficient water to be tested, and w ^^ 
acid in reaction. It is not unlikely that the majority of theke streac::^::^^ 
have a similar reaction in storm time. 

The River Don, the main feeder to Dunford Bridge Reservoir, w«*^ 
traced upwards lor some ccnsiderable distance, and numerous tests weTi^ 
made of the reaction of the wat^r in it at various points along its course, 
as well as the reaction of its chief tributaries. The water from the upper 
reaches, viz., frcm Grain, Little Grain, and Swiaehill Cloughs was 
very deeiile<lly acid in reaction but before reaching the reservoir the 
reaction ot* the water in the river gradually changed from acid to 
neutral, as the result, apparently, of i-eceiviog neutral water from a number 
of hillside springs. Altogether eight streams, including Snails<len Clough, 
were found to be supplying the river with neutral water. 

The gi*adual cliange of reaciion in this moorland stream from an acid 
to a neutral water was very carefully worked out, and the results are 
shown in an accompanying map. 

Samples of water were collected for more detailed exiimination from 
Dunford Bridge Reservoir and from tlie River Don at a point just 
above where it discharges into the reservoir. Subsequently further 
samples of water were obtained from Dunford Bridge Reservoir. The 
results are given in an accompanying table. The River Don was neutral 
and free from plumbo-solvent ability. Dunford Bridge Reservoir water 
(4 samples) was acid, and acted distinctlv on lead. All the waters were 
very " soft." 

Bemarhs on the Results of the Chemical Examination of the JFatcrs 
in reference to the observed Characters of the Gatfiering Ground. 

It is to be noted that the conditions found to exist on November 23, 
189 i, were not normal as regards the rainfall. For some little time 
previously little or no rain had fallen on the gathering ground, and in 
consequence the streams contained an undue proportion of spring water 
and very little surface water. Under these circumstances it is not 
surprising to find that the reservoir water was acid and the inlet streams 
to the reservoir neutral. There can be little doubt that many of the 
streams which were dry on the above date ordinarily contain acid water 
derived from the drainage of peaty soil. It is possible that Dearden 
Clcugh is acid in storm time, and it is in the highest degiee probable 
that the River Don usually contains an acid water. In short, it may be 
safely assumed that Dunford Bridge Reservoir is supplied with neutral 
Avater during the dry-weather flow of its *' inlet" streams, and that it is 
fe<l with a(!id Avaterwhen the conditions are less favourable as regards the 
rainfall. In the former case the water is chiefly derived from hillside 
springs, and in the latter case freni the drainage of penty soil. In this 
connexion the results of the examination of the water of the River Don 
are of especial interest. 

It Avas found that the water from the higher collecting grounds was 
very acid. This water is derived from the drainage of land rich in 
peat. Moreover, the conditions on this jortion of the gathering ground 
are such that the rain tends to stagnate in the peat, forming peat and 
moss |)Ool.: iiiid marshy places. Here there is little or no spring w^ater. 
The gradual neutralisation of the River Don on its way down to the 
reservoir is easily accounted for. It has been shown that the water from 
eight streams discharges into the River Don. These streams contained 



131 



^nae surface pealy water, but chiefly water from hillside springs. 

^^cperiments show that such water is not only neutral, but possessed of 

^^me Jicid neutralising ability. Again, low down near the reservoir the 

^^o^H33of the hills are abrupt, and the peat is not so abundant superficially 

^r in depth. Lastly, the flow of the water along a rocky and sandy bed 

Wl, doubtless, some slight influence in the direction of neutralising the 

acidity. 

It was particularly noted that the neutralisation of the water was 
gradual J and that each neutral stream entering the river slightly 
diminished the acidity, until at last, and just before reaching the 
reservoir, the water ceased to contain any traces of acid. It is only 
natural to believe that in storm time the spring water would be far too 
s.uall in amount to neutralise the enormous increase in the acid peaty 
water. 

In conclusion it is to be noted that the chemical results are in accord- 
nncii with the observed characters of the gathering ground. 

Dewsbury and Heckmondwike Waterworks. 
Table 11. — Chemicctl Results. 



Acidity 

in Terms 

of c.c. 



Reaction ^ 



Hardness 



Action on Lead (Rt>sults stated as parts 
per 1(K>,0(M)). The action on Lead Mas t<wted 
by upward filtration through y) c.c. 
washed 1 ' ' ' 



nAraciKin '• --^ « . ......vd Lcad Shot at th»' rate of 3 mins. 

Description of the Sara plo wiili Tn^»«Coa (CaCoj perSoc.c. 

of Water. : iJZx^. liquirtHl to ^^^^l^^ . 

I nnutraliso ^^^'^Wj. ^ , 

I 100 c c. of ! , 1st 2nd 3rd 4th 5th *v«wuf« 

the Water. : .TO c.c. 50 c.c. ' 50 c.c. 5() c.c. .''0 c.e. -^^«™««'« 



I 



November 24tb, 1894. Dnnford Acid 
[ B«9crvoir water (near "out- 
Wt"). 

I November 24th, 1804. Water ! Neutral 

I Irom Ibc River Don, tbo main 
LI freder to Dnnford Reservoir. 
Li Tbe sample of water was col- 
M ketcd kt a point near the 

I I nitrancf* of the river into tlie 

Jtmii»y 23rd. 18JW. Dunford Acid 
lewno-r water (near "out- 
Irt"). 



I fcptemW Cth, 1805. Durtford 
Rwrvoir water (near " out- 
let -). 

iprU4Dd.lS9«. Dunford Reser- 
'oir WBter (near " outlet ") . 



42 



Acid 



Acid 



Neutral 



0-42 



o-3<; 



2-8 



2-4 



2-9 



81 



0-1 



I 



01 



0-4 



0-3 



0-2 



0-6 



0-5 



0-0 



0-4 



0-3 



00 0-6 



0-5 



U'O 



0*44 



0-00 



2S 



0-5« 
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Survey No. 12. 

HALIFAX CORPORATION WATERWORKS. 

Source of tiii: Water Supply and General Description 

OF THE WaTEUWORKS. 

The waterworks derive their supply from the Hebble, Luddeuden, 
Widdop, and Greave Valleys. 

'J'Ik^ Of/den Reservoir is situated in the Ilebble Valley, and receives 
the draiuage of 1,140 acres, and holds 221,800,000 gallons of water, of 
which 990,00) are daily discharged down the stream as comiMjnsation 
water. Leaving thu reservoir, the conduit for conveying the water 
to Halifax: passes through Mixenden, and finally empties itself into 
Riunsden Wood Reservoir. From Ramsden Wood the conduit proceeds 
to the Albert and Victoria Reservoirs for distribution in the Borough. 

Ogden Reservoir is supplied with water from Ogden and Skinlen 
Clonghs, and from a cutchwater conduit, which is over a mile in length, 
and collects the water from the south side of the gathering ground. 

The Fit/, the Upper Dean Head, a^id the Lower Dean Head 
Re^rrvoirs are constructed on the Luddenden Brook. 

Jly Reservoir contains 193,251,000 gallons, has a drainage area of 
919 acres, and is situated at a level of 1,350 feet above the sea. Its 
main source of supply is from a catchwater drain \\ miles long. 

The Tapper and Lower Dean Head Reservoirs are construote<l 
lower down the valley, near to Castle Carr. They contain together 
122,155,000 gallons, and have a drainage of 525 acres. Lower Dean 
Head receives its water from Upper Dean Reservoir, which derives its 
sujiply chiefly from two mountain streams. 

J'he compensation water amounts to 1,440,000 gallons per day, and 
is chiefly obtained from Fly Reservoir. 

The conduit from these reservoirs passes down the Luddenden 
Valley, and finally into Ramsden Wood Reservoir, at which point it 
joins the Ogden system. 

The JViddop Reservoir is constructed on the Widdop stream, and 
also receives, by means of a tunnel, the waters of the Greave Valley, 
so that there is one reservoir for the combined drainage of two valleys. 
The drainage area is 2,223 acres, and the reservoir contains 640,511,000 
galUms. Tlie amount of compensation water is 1,020,000 gallons per 
(lay. The water from the reservoir is conducted by pipes and tunnel 
to Shore End Wood, where it joins the Luddenden system. 

It will be seen from the foregoing that there arc three systems of 
water supi)ly, namely, the Ogden system, the Fly and Dean Head 
i^ystcm, and the JViddop and Greave system. The two latter unite at 
JShorc End Wood, and discharge into Ramsden Wood, which reservoir 
also receives the Ogden water. The water from these three systems, 
after mixing in Ramsden Woo<l, is passed through wire gauze in a 
sereen chamber, and then carried in a conduit to the service reservoirs 
for distribution in the town. 

'Jlie following notes on Halifax Corporation Waterworks arc of 
interest : — 

Rainfall. 
Average yearly rainfall in Halifax : — For 1895, 3803 ins. ; for 1895, 
45*62 ins., on the gathering grounds. Taking Warley Moor as a type, 
the average yearly rainfall at Worley Moor for the last 41 years, ending 
1894, was 40-57 ins. 
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Capacities, ^c, of the Chief Reservoirs. 



Besenroir. 


Capacity. 


Depth. 


Area. 


Height above 
Sea Level. 


Storage, 


GalloDB. 


Feet. 


A. 


R. P. 


Feet. 


Widdop - 


640^11,000 


65 


93 


29 


• 1,050 


Fly . . 


198,251,000 


80 


67 


3 80 


• 1,350 


Upper Dean Head 


59,148,000 


54 


9 


2 88 


1,000 


U>wer ^ „ 


63,012,000 


60 


9 


5 


975 


Ugden - . 


221,806/)00 


66 


85 


82. 


980 . - 


Service. 












KHmtden Wood - 


11,295,000 


21 


8 


27 


850 


Albert - - - 


27,841,000 


14 


7 


2 25 


794 - 


Vietoria - 


12,209,000 


14 


2 


8 30 


793 



Drainage Areas, 

Ogden .... 1,140 acres. 

Fly and Upper and Lower Dean Head 1,444 „ 

Widdop and Greave - . . 2,223 „ 



Consumption of Water for IS95. August, 
112,389,624 gallons (exclusive of compensation water). 

Daily rainfall daring the month of August 1895 at Castle Can- 
Lodge (near Warley Moor), and weekly rainfall during the pame month 
Bt Warley Moor : — 





CasUeCarr 


Warley 




Ca«tleCarr 


Warley 


1895. 


Lodge. 


Moor. 


1595. 


Lodge. 


Aloor. 
















DaUy. 


Weekly. 




DaUy. 


Weekly. 




ins. 


ins. 




in8. 


in^. 


August l8t 


•04 


— 


August 18th 


•00 


— 


„ 2nd 


•09 


— 


„ 19th 


•00 


•97 


„ »rd 


•18 


— . 


„ 20th 


•00 


— 


„ 4th 


•1)4 


— 


„ 2l8t 


•01 


— 


.. 5th 


•00 


•39 


„ 22Dd 


•01 


— 


„ 6th 


•17 





„ 23rd 


•46 




„ 7 th 


•00 





» 24th 


•04 


— 


^ 8th 


•09 





„ 25th 


•23 


— 


., 9th 


•01 


— 


^ 26th 


•48 


•87 


„ 10th 


•46 





., 27th 


•07 


— 


,, nth 


•66 


— 


„ 2bth 


•16 


— 


„ 12th 


•04 


1^88 


„ 29th 


•04 


— 


„ 13ih 


•87 





„ 8<»tQ 


•00 


— 


„ 14th 


•47 


— 


„ 31st 


•00 


. -98 


« 15th 


•U2 















„ 16th 


•01 


— 




4 -15 ins. 


5^04 ins. 


^ 17th 


•00 


~" 









B 88578. 
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]fla$e$ <m (he Characifrg of the Gatherhig Grounds, 

Offden St/stem, — The gatheriog grouDd Is composed of raoorlaod^ «as 
the geoiogicfll formation is mtlbtooe grit. The vegetiition is coarse 
pasture grass on the lower slopes of the biltsyand heather on the heights. 
The surface soil is peaty^ but generally speaking peat U not very ' 
ahundanti either superticiaUy or in depth, except on the higher and 
flatter portions of the gathering gronofl, and particularly towards tha 
north-west, - 

The area drained by the catch water conduit and Sklrden CI o ugh i3|. 
on the whole, very free from peat. Ogden C lough, on the other hand, 
drains land containing much more peat, and this is especially the case 
towards the source of this, the main feeder to Ogden R^rvoir. 

The slopes of the hills are precipitous, and the rain falling on the 
surface is rapidly carried into the storage reservoir. 

There are but few places on this gathdHng ground where the raiui 
saturates the soil, and lies stagnant in peaty nr marshy pools. 

Skirden and Ogden C loughs are remarkable in that for the greater* 
|>ortiou of their course they are hounded by ver}' precipitous hill 
slopes, and, in fact, run on rocky and sandy beds at the foot of deep 
gorges. The soil covering these steep hill siJes is very thin, and in 
many places the underlying rock breaks through to the surface. The 
denudation is great, especially in storm time, and although no doubt 
much peat Is washed into the waterworks, there is also a large quantity 
of rock and sand carried from the sides of the hills down the beds of the 
various streams. The importance of this lies in the fact tliat in all 
probability the rock and simd exercise some neutralising action on the 
peaty water. 

Oil most moorland gathering grounds spring water is small in amount, 
and Burfttce peaty water very abundant. The Ogden system of water 
supply is no exception to this rule, but it may be said that the proportion 
of spring water Is above the usual average. 

Fit/ and Dean Head St/Hem. — ^i'or the purposes of description, thiit 

asy stem must be sub- divided* ^^__ 

Fir/ S^stem.^^Th^ gathering ground is composed of waste moorlaod| 
4ind the amount of peat is eimply enormous. In many places the pe^t 
Ijedjs are over 10 feet in thickness, and the whole of the drainage area is, 
covered with a layer at least 2 feet deep. 

There is liitle or no pasture grasp, nnd the only vegetation appears td 
be heather and moss. 

The drainage area is situated at a height of over 1,000 feet above sea 
level, and can only be described as a huge flat peat bog. 

Underneath the peut are beds of clay, which preveut the water from 
escaping readily from the pent in a downward direction. This, together 
wilh the flatness of the ground, allows the rain to not only saturate the 
soil, but alsf* to accumulate in hollow?, forming peat and bog holes. 

There is practically no spring water, the supply being obtained from 
die s^Iow filtmtiun of the rain thro^igh gre«t thick nessea of black peat. 

Fortunately this suijply is chieily used for corapeusation purposes. 

Dean Iliad St/siem. — Although this system adjoins the preceding, it 
Pilfers from it in many important respects, 

It is Rtnaled otii a lower level, tliero is much less peat, and it 
reeemhlas the Ogtlen gathering ground in that the slopes from which 
the water ilrains are very t^teep. 

Tliis drarnnge area, indeed, resembles the Oj^den one in many ways j 
thus the peiit beds ate thin, the water runs rapidly off the hills into tlid 
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waterworks, and llicre is/i fair proportion of spring water. 
there is but little clay uoderljiog the surface soil, the geological forma- 
lion is millstone grit, aocl there fire but few areas where the rain 
saturates the soil and stagnates therein. 

Widdop St/stem, — ^This system receives lis water supply from the 
dnin&ge of two moDrhind valleys known as Widdop and Qreave. 

There is a sparse distribntion of peat over the whole of the drainage 
area, but nowhere is its depth great. 

Rough pasture grass as well as heather covera the surface, and 
beneath the more or less peaiy soil is millstone grit. 

The slopes of the hills are sulBcienlly steep to permit of the water 
being stored in bulk rapidly, and to prevent the rain from accumulating 
in hollows or depresfions. 

Although the water derived from surface drainage is great in 
smoant^ there is also enough spring w^ater to yield a good dry weather 
flow. 

The Greave Valley gathering gfouud is perhaps not so satisfactory as 
the Widdop drainage area, 

(Jmdiiiofu found to exist on the Gathering Grounds on Angust 2dth 

and mih, 1805. 

Owing to the preceding dry weather the conditions were not very 
{kTQurable^ the water in most of the feeders repreaentiog the diy 
fireather tiow. 

Lncmoid was used to test the reaction of the various feeders. This 
ft very deliciite test for acidity in the case of moorland waters. 
Ogden ^S'ysffJii.^Ogdeo Reservoir was tested at various points, and 
ll tfae wflter was found to have a very faint acid re-acHon. 

The water in the catchwater conchiit was neutral, and the water, 

in Skirden and Ogden doughs was practically neutral. The water, 

I however, running in these feeders represented the dry weather flow, 

I "nd it is quite possible that in storm time, when the amount of surfiace 
^Jiter would be greatly increased, that diHerent results might he 

! *>btjiined. The faint ncidity of the reservoir water points to the 

i probability of the inlet streams being normally, slightly, or occaiipiially 
tlistinctly'acid. 
Fit/ System. — ^The water in Fly Reservoir was found to be very acid, 

II ^tid the water in the cat di water drain was also distinctly ncid. ijwing 
Ui the drought the water in I be depressions in the p?at was in most 

[ ^Sftses dried up. Many places were found, however, where water, after 
^^Itencg through the pent, trickled out at a lower level. In all cases tins 
^■Ihbier was very acid. 

^™^ Dean Heail System. — ^The water in Ufvper and Lower Bean Head 
Reservoirs was tested at various points and found to be only verv 
slightly acid in reaction. The two inlet streams to Upper Dean Head 
Keservoir were iil^o testeil, and found lo be practicidly neutral, bat the 
flow in them only represented the dry weatlier flow. 

Widdop System. — The wsiter in Widdop Re^iervoir was found to he 

iippreciably neid, but the water in Widdop Stream, which was small in 

amoui]t owing to the drought, was pnu'tiealiy neutral. The water frcm 

'""e Grc^ve Valley contained tr.ices of acid. It is more than prohahle 

lat the Grejive and Widdop waters would be sensibly acid in storm 

e. 

The water in Ram%den Wood Reservoir wns ncutrnh As hns been 
Jready exphiined, this water is a mixture nf the wa^er i^nppliedfrom the 
ee systems — Ogden, Fly and Dean llea<l, and Widdop a»d Greave. 
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Samples ofivuter Tvero collected for more cletnitfid esaminriiioa from 
Lower Denn, Ogdeiu Fly, fltid Widilop Keservoirs^ and from tlie 
Greave Valley conduit, and from tlie eatchwutfr drnin fo Fly Kesen'oir. 
The lesults tne given in an accompanying table, and tliey may be* 
described briefly as follows :— 

Lower Dean [lend Reservoir water was practically neutral, and free : 
froni plumbo-ftolvent abiliiy. 

Ogdeii aud U'iddop Reservoir waters were sligbtly acid, and actti^^ 
appreciably on lead. 

llie water from tbe Greare Valley was only very faintlj acid, anc^^ 
its action on lead wa^ incousiderable. 

The waters from Fly Reservoir and il« catch water drain were faan* . 
to be exceedingly acid, and to have & strong plum bo- sol vent ability. 



Remarks on the ResultM yielded by the Chemical Ea^mination of t/^ 

Waters in refereni^ ta the observed Characters of the Gatherits^^mm^nj 

Grounds* 

It is to be noted that the characters of the gatbericg grorinils of iWT ht 
Ogden, Dean Head, Widdop, and Greave systems were shown to ' lie 
comparable in many respecls, e,y,f as regards the comparative i^carei^S^ty 
of peat, &'*, &c. So also the chemical examination of these wat^3»«r* 
fallowed that they were very similar in certain important respects, c >»> a^ 
ns regards the slight amomit of acidity. 

The Fly system, however, di Ifered materially from the above in ^ ' i*ej 
characters of its drainage are^u Thus it was shown that the amount ofi 

peat on the gathering ground was very great, and the chemical resii«^»Jlir. 
i^howed that the water was extremely acid. 

It appears^ then, that the chemical results are in accordance with ^^kOip 
observed characters of the gathering grounds ; and it seems a^ if l^t^ht 
greater or le^ss amount of peaty water accounted for ihe gieater or L^« 
acidity of ihe various walei"^. 

Passing briefly in review the various systems, the following points ^nro j 
worthy of notice, 

Ogden System, — The acidity ofthe reservoir water is readily acoouik ^^ 
for by BU|>posing that Ogden and Skirdew Cloughs supply it with a^-^^i*^ 
pealy water in storm time. It is the rule to find a mountain stream neut ■""-* 
daring its dry weather flow and acid d irr in g storm time. That -C 1>^ 
reservoir was not more acid ia to be accounted for by certain redeem m '"^ 
features on this moorland drainage area. These have been alref^fc-^*? 
i^Jhided lo, namely, the precipitous slopes of the hills, the shallowness ^-* 
the peat beds, the abrupt How of the feeders along rocky and sairm "^^ 
beds subject to constant renewal by ilenuding agencies, the presence:^ ^'^ 
spring water, &c., &c. 

The Dean f/cad and the JJlddop and Greave systetns resemble ^^^ 
above in most particulars. The Wiildop and Greave system is not qi^^ :m t« 
so satisfactory, however, ns the Dean Head, and Ihe reason seems to ^'^ 
that I here is more surfacu peaty water and less spring water in -C *'^* 
former system of water supply. 

Ely System. ---The extremely acid eondiiion of the rcs*^rvoir ^'*'*^^J' 
and of the catchwater drain is only to be expccletl fmm t *_^'' 
fbaracters of the drainage area, if it is asMimed that peat is the catJ^T^ 
of tiie acidity of moorland waters. For it has been shown that peat. ' 
very abundant superficially and in depth, and that the drainage from t^^ 
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fc>d.m; 18 rerj slow. Moreover, the redeeming features which have beeo 
s^^udcd to in connexion with the Ogden system are here absent to a 
^^^^o extent. 

X n oondusion, it is important to note that the mixed water from these 
^'^x-ioiis systems in Bamsden Wood Reservoir was neutral. 



Halifax Corporation Waterworks. 
Table 12.— Chemical Besults. 
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Peieriptiim of the Sample of 
Water. 


loomT 


Reaction 

with 
Lacmoid. 


Addity 
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to neu- 
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perlOO.OOO). The action on Lead was tested 
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Lead »iot at the rateor3 mine, per 00 e^ 


1st 1 


2nd 1 3rd 4th 
OOccjOOcc 00C.C. 

1 1 
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Average. 
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Survey No* 13, 

HUDDERSFIELD CORPORATION WATERWORKS. 

SOUECE OF THE WaTER Sl'PFLY AND Ge3«£RAL DfiaCBlPriOM OF TJ 

Waterworks, 

The water supply of the Huddersiielil Corporatioti is Oertved fro 
f?*th«nog Efouiids lying at a dbtance of 3 to 7 miles south-west 
Huddenfield. 

There are three aeparale sources of supply, viz.: — Longwood, 
Weaflendcn, and Blackmoorfoot, The two former derive their wuter 
chieBj from liitUlde dpring:!^ and will not be described further. The 
latter, Blackmoorfoot supplyt U wholly from moorland, and calls for 
a special descnption. 

The Blackmoorfoot Heservoir is situate on the south-west side of 
HudderstieLdy at a diistanee of 4 miles, and at au elevation of 831 fa 
above aea level. The water from the gathering ground is conveyed int 
the reservoir by moans of catch water conduits constructed along thj 
contotira of the Penniae range of hills for a distance of 5^ miles. 
There are two embaukmenta to the reservoir. The larger embankmeai 
is that on the north ^ide, being 850 yards long, 400 feet wide at its baa 
imd 70 feet high. The southern embankment U 500 yards long, 240 i^o^i 
wide at iti base, and 40 feet high. The main whicli carries the water 
from this reservoir to Huddersiield is laid from the north tunnel 
entrance. It is connected with the Longwood ReseiToir main near 
LougiTood Station. The water from this main discharges into the 
Snodley Service Reservoir at West Hill, which is situated at a hfight 
of 500 feet above sea le\el, and is constructed lo hold 1 , 250,000 gallons. 
From this service reservoir, water is distributed through the town, and 
is also taken forward along the Leeds road for the supply of Miriield 
and Raven.'«thorpe. The main from the south tunnel entrance at 
Blackmoorfoot conveys the water to nine villages, and also to a portion 
of Hudder^tield. 

There are sluices in connexion with the catchwater conduits to tue 
^torm water to compensation. When the resen oir is low, however, i 
becomes necessary to utilise somr, at all events, of the storm water. 

The following notes on Hui2dersfield Corporal ion Waterworks are i 
interest ; — 

RainfaU, 

Averageyearly rainf all at Blackmoorfoot BcMr voir - 40 
^, „ ,, on the gathering ground - 46 

Capacity^ S^. cf Blackmoorfoot Rexer^oir* 



Cftpitity. 


Height nhovc 
St'd Level. 


Depth. 


Area. 


rOO.000,000 gallons 


Feet. 
831 


Ft in. 

48 6 


A^ K. F. 
101 9 3S 



The available supply of water from Blackmoorfoot Reservoir for the 
town and neighbourhood is cakulaled at 3 million gallons per day. 
eacclusive of compensation water, which is given out daily during 
houra of every lawful working day at 841,0^0 gallons. 





•ixi: • nioatt t^,md g^ turbid that ito course was dearly eutlined for a oon* 
^"^^^^IL ^^'^^ iB fhe bodj of water in the reservoir. 

•: ^teckniootfooi Beservoir was tested at various points, and the water 
was xomid to be veiy add. 
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The water In Brow Gmiu Cioiigh and in the catch water couduitd vi 
very acid, and the water in the smaller streams suppljing the conduits 
was, when tested, found to have a similar reaction. 

Owing to the seventy of the storm, observatioDS were diflicuh, Vut !>r> 
far as could he seen the vast bulk of water etiteriog the waterworks w«i> 
derived from the dniiiiage of very penty soil. 

It was found impossible to visit the other gathering grounds, whick 
mattered the less as the Ulackmoorfoot supply is the only mf>or)and one, 
the other sources of supply to Hudderstidd being chiefly from hillside 
springs. 

Samples of water were obtained for more detailed examination from 
the catchwater conduit at its entrance to the re^rvoir, and from Black* 
moorfoot Reservoir near the outlet. Subsequently samples of water were 
obtained from Upper Loo j^ wood Resenoir, as representing the spring 
water supply to Hndilersfield, and from Black moorfoot Reservoir and its 
catdi water at a time w hen the rainfttll was not excessive, to serve as a 
comparison with the original samples. 

The results are given in an accompany ing table. 

It is to be noted that on July 25, 189o, the reservoir water was not 
nearly so acid, or possesssed of so great an action on lead as the water 
from the catch water* On April 1, 189G, ihu conditions were reversed. 
The waters were hanler than is usually found in moorUiud supplies, 
Longwood Reservoir water was nentivil, and free from pi urn bo* sol vent 
ability. 

As regards the waters which were tested for their reaction on the 
gathering ground, bnt which were not submitted to a more detailed 
exaiuiiiation, it is to be noted that when a water gives an acid reaction 
with liicmoid, it will dissolve lead under laboratory conditions of 
ifxpcriment. 



Jlt;marh on the Re&tdU of the Chemical Ea-amination of the Waters 
in reference to the Observed Cltaractent of the Gathering 

Ground, 



Owiug to the heavy storm which broke over the gathering ground on 
July 25, 18115, after a period of drought, the cAtchwater conduits con- 
tained an enovmous amount of very turbid and peaty water. As mi^bt 
have been anticipate*!, this water was found to be very acid, and it 
really represented what umy conveniently be called the ** first wiushings '* 
of the peat. A sample obtuined fit a later date and diirinir the dry- 
weather How, w^as very much less acid. Although the foul water 
enteriug the waterworks on July 25, 1895, does not represent the 
normal state of thinge, yet its qunlity on that occasion was so hnd as to 
be capable of contaminating ti very large body of water. Hence it is not 
surprising to find that both the ret^ervoir samples of water were dis- 
tinctly acid. Moreover, it is to be noted that even during the dry- 
weather flow the catchwater conduit was supplying the i-esgrvoir with 
acid water It appears that Black moorfoot Reservoir normally contains 
a water that is acid and acts on lead, and the reason lies in the 
characters of the watershecL It has been j^hown that the gathering 
ground is very rich in peat, that spring water is not rdiundant, and, 
generally, that the conditions ate sudi that the bulk of vtater entering 
the waterworks is neces&aiily contaminated with peat. 

In conclusion, it is to be noted that the chemicrtl results are quite in 
keeping with the observed characters of the gathering ground. 
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HUDDBBSFIELD Ck>RPOBATION 'WATERWORKS. 

Tablb 13.— Chemical Rendu. 
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Survey No. 14. 

KEIGHLEY CORPORATION WATERWORKS. 

SoUBCE OF Water Supplt and G£?tEiiAL BsscEip-rioiv of the 
Waterworks. 

The water supply oFtbe KeigWey Corporation is derived partly frota 
sprioga knawD as the Janet's VVeJl* Park Wockl, and Casde Hill 
Springs, bH situate wlthio the horougU« and partly from the Wziter- 
2$heddel4 gathering grounds oa tha tstaobury and Travvdeu ^It>or?, 
situate at a didtuice of 7 miles west of Keighley. The Water- si leddeb 
supply will be the only one described here. 

JFatcr-sheddels Gatheru^ Ground* — This is a moorUtid gathering 
ground, and the water draining from it r.oustitutes tlie main source of 
supply to Keighley, The water is filor<.Hl in a jeseivoir known as Water- 
sbeddels, and, after filtration, is carried to the si^rncc reservoirs for 
distribution in the borough. More in detail, the arrangementi* for the 
collection of waiter are as follows: — Water- sheddela Rescn'oir is 
situated at a lieight of 1,100 feet above sea leve^ and ia ^applied 
with water from the followi ug sources : — 

(1,) Dean Clough Conduit, which oxtenda for a distance of IJ niiles» 
and collects the water from a large area of moorland known 
as Oak worth Mpors, opens at Wiiter-she<ld«*l> into a conduit 
(*' North Conduit "), which is carried along the oorth aide of 
the reaervior, 
(2.) Fonden Kirk Condoit extends for a distance of 1^ miles, and 
gathers the water draining from Stan bury Moor. It opens 
into the conduit which runs along the south side of the 
reservoir (*' Ark Hill Conduit"). 
The above constitute the chief sources of supply to the reservoir. 
North Conduit receives, as well as the Dean Cioagh water, a small 
amount of water from Great Moss, from a stream riraining moorland 
near the north-west angle of Water-sheddels. The south or Ark Hill 
Conduit receives, besides tbePonden Kirk water, a considerable amount 
of water from a number of feeders which drain moorland on the s(»utb 
side of the retervoir. Three small streams arc piped directly into the 
south side of the reser^^oir, and some water also gaius access to the 
waterworks from peaty swamps at the north-west and south- we^t angles 
of the reservoir. North Conduit and Ark Hitl Ooaduit uuite below the 
reservoir embankment, and their y^torm and overflow water is carried 
down the Wortli valley into the Ponden Reservoir, which is a mill- 
owners' reservoir made in lieu of giving dnily compensation water. 

The water from Water-slieddcls Reservoir is lillered through coke, 
then tbrotigb filter be<-ls containing ground sjmdstone, broken sandstone 
and limestone, and, liLally, through beds of polurite. After leaving the 
filter beda, tlie water is conveyed into a storage reservoir, from thence it 
is piped— part to the service reservoirs and part direct for distributloii 
in the borough. 

The Corporaiion own the laiul i mined lately bordering the reservoir,, 
and the watershed is free from all sources of pollution. 

The foUo wings notes on Keigliley Corpomtiou Waterworks are of 

interest : — 

Bainfali, 

Average yearly rainfall in Keighley, 37*12 inches 

,» „ on the Sheddels gathering ground, 48 inches* 



iTIOW WATERWORKS. ^H 
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Vapacitp^ S^. of JVater-sheddeU Beservoir, 



Cabpacitf. 



Top Water Level 



Depth, 



Area, 



156>0OO,O00 



Fc«t. 
1,100 



Ft. Ins. 
51 3 



Drainage Area* 
Water-shed J els gathering ground ^ 1,600 acres. 

Consumption of IFater, 

AboTit 25 f^ftllons per lit^ud p^^r day^ tncladiog the aiiioii»t,.rookotied 
ftt about 3 galtoQS per head pcjr day, re<inired for tnul© par(x>ses, 

Daili^ rainfall oil Wftter-sheddels tratherlng Ground from August 
27, 1891, to September 27, 1894, inclusive. 
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NottB on the Characters of the Gathering Ground. 

Wller-BbetJdels gathering ground is wholly moorland. The amount 
'rf jplAt varies considerably on different portions of the collecting 
J^roimd. Xp de|)th it varies from 1 to G feet, or even more, and is 
perhaps most abuuihint oo the south »ide of the re:»ervoir. Tlie vegeta* 
lion i"j chiefly heather and moss, but here and there on the gatliering 
ground are arejis covered with the growth of roagh pasture grass. 
The amount of water derived from tlie surface drainage of peaty i*uil is 
Tery great in storm time. Fonunafjely the dry weather How from bill- 
eide springs is fairly gootl, and this spring water probably coiinteracta 
to a considerable extent the evil effects of the peaty water which gains 
access to the waterworks in storm time^ The slopes of tbe hiUa on 
portions of the dralnnga ai'ea arc not euliicicnlly sleep to pr^v^nt 4he 
WHter from BtagoatiJig in peaty swamps and marshy places, and it is in 
these very places that the peat appears to be most abundant, £uporB* 
cially and in depth. The bed of Water-sheddels Reservoir is peuty,ttnd 
a considerable amount of peat is washed into the reservoir during 
floods. I 
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The rock underlying tbe surface soil is chiefly flatstODe or millstoDC 

fonuatioD. 

In conduyion it b to be noteti that the characters of the gatliering 
ground are such that the bulk of the water diaining ioto the waterworks 
is peaty. 



Cofiditions found to exist ofi the Gathering Ground on September 27tk, 

1894. 

The conditions were not normal as re^rds the rainfall on September 
27th. Owiug to the drought in 3st of the water derived from surface 
drainage was dried up, and the water entering the waterworks represented 
the dry weather flow. Tho rainfall from August 27th to Septjemher 27th 
IS given in aii accompanying table. Lacaioid was used to test the 
reaction of the various waters, and it is to be noted, in the case of 
thos£ waters which were not submitted as well to tests as to their action 
on lead, that when a water gives a neutral reaction with lacmoid it 
will not dissolve leatl to any appreciable ext4?ut» hut that when it gives 
an acid reaction with this reitgent it posesscs plumbo-solvent ability — 
under laboratory conditions of experiment. 

Water-sheddels Reser\oir was tested at various points and the water 
was found tu have a dij^linctly acid reaction. The reservoir water after 
tiltiation was netitml. The water in the North, Dean Claugh, Ponden 
Kirk, and Ark llill Conduits was neutral in each instance. As regards 
the smaller feedei"*, stmie of them were quite dry, and most of theaj 
contained unly a small amount of water chiefly from Iiillside springs. 
For the purposes of descri|»tion tliese aix' numbered on an accompany- 
ing map. Briefly stated the results of the te-^ts were as follows ; Oniy 
one feeder— No, 13 — \vas acid, all the others were neutral, viz » Nos, 2, 
3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15. Of these 6, 8, and 11, contained 
chiefly ferruginous spring \vater. 

Samples of water were collecteit for more detailed exauiination froocu 
V/aler-sheddeJs Reservoir, No. 13, peaty feetler, and from the filter beds - 
After filtration the water from the reservoir was neutral and had i^ 
action on lead. Water- aheddels Reservoir water auil I he water frox 
No. 13 peaty feeder were distinctly acid and pos*^ased corisideral> ? 
plunibO'Solvciit ahility. The^e results are shown in an accompanyicr 
table, whi< h also shows the results of the examination of vaiious wal 
obtained sulvsetjuently. Reference to this tsihle will be made in 
following paragraph. 



Remarks on tfie Rerndts yielded by the Chemical Examination of tm 
Waters in reference to the Observed Characters of the Gatf^erin 
Ground. 

Tbe characters of the Water- she ddels gathering ground are such the 
it might be expected that the storage reservoir would contain acid wat 
This was found to be tbe case, bat the question arises as to why tbi^J 
re«>ervoir water should be acid when all — with a single exception — tt^^ 
feeders entering the Wiiterworks were neutral. The explanatic:— -* 
appears to Ite in the fact that on September 27th, 1894, the Btreao— ^ 
wei'e nearly dry, and contained chiefly spring water and very litt 
water derived from the surface drainage oi" peaL On the 28th Octob 
1894, Dr. tScatterty, the medical officer of Keighley, was kind enoug 
to visit the gathering ground, and to make certain tests at Dr. Houston 
suggestion, details of which are given below. Prior to the above 
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hpArv rains had fallen on llie gatljerinir ground, and in consequence 
lb feeders contained a largo ainonnt of peatj water. Dr. Scittterty 
fourid the reservoir water neid, and :dl tbc feeders (enumemted in the 
preceding paragraph) acid as well, with the exception of Nob. 6, 8, and 
II, ivhtcb contained chiefly ferriiginoas spring water. It appears then 
tltfll ^^ater-sheddels Reservoir ia supplied with neutral watar during 
ilrr weather, when the streams contain chiefly spring water and very 
little surface Avater, iind with acid water during flood time, Avhen the 
proportion of surface peaty water to spring water is greatly increased. 
On November 17th, 1894, various saraple^a were ohtaiiied, and ;hey 
Tiolfled, on examination, the following results: A? before, the reservoir 
wUfr was very acid, and , acted decidedly on !ead, aud the water, after 
laying the filler bed:? wa» aeutral, and free from plum bo-solvent 
ibility. The other samples were very acid, with the exception of the 
w*t<*r Irom the North Conduits, feeders No. 8 anil 11, the fee<ler to the 
Dorth-wiist angle oft- the reservoir, and Ponden Kirk Conduit, which 
were neutral. Jodging from the characters of the gathering ground it 
ifimore than probable that the water in Ponden Kirk and Dean Clough 
('Qiidnits is acid during ceilain periods of a storm, it may be at the 
eotiunencement wli^n the streaims- contain the ** first washings '* of the 
peat* Continuing the dcscriptioo of the chemical results, the following 
points lire to be noted : Altogether Hsamples of reservoir water were 
tested, and although obtained on widely different dates yielded the 
SMDO results, * inasmuch as the water always possessed considerable 
acitiity and pi umbo- solvent abilily. The reservoir water, after tiltratiou, 
was in all cases practically nentral, and free from any serious action on 
m, U is to be noted tlmt the filtration. appreciably *' hardened*' the 
iraler. 

As regards the reservoir water the aclion on load varied much more 
llum the acidity, and a rise or fall in the acidity oid not always 
correspond with a rise or Ml ii* the pi u mho-sol vent wbiliiy. 

At Dr. Houston's suggestion Dr. Scalterty cfue fully tested the re- 
action of the water from the nuiin in his hous*\ These tests were 
laade during the ejrly part of the year 1895. About 50 te^ts were 
J^le altogether at flrst daily, und after vvanls weekly. The water was 
^0 Variably found to have a neutr:il reaction* 

In conclusion it is to be noted that the chemical resultn con*espond 
^^ry clo?sely with the observed chaniuters of the gatliering ground, and 
^ bey show that water draining from peat is to be asseciattil with rnndity 
*ti^ phi mho- solve o ability, and water derived from moorland springs is 
^ ht regarded as likely to l>e neytrid and free from action on IcmJ, 

Keighlet Corporation WATtfiKwoRKS. 
Table l4,^Che>mcai JiesuUs, 
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Sample of Ulrater. 
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t 


water, afler flltra- 
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0-0 


1 


4 


Nov. 17. 18H. Peaty 
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Acid 


0-7« 
















B 


NoT^ 17.1894. Water 
entttrinff Water- 
ihedd^ BeMTfoir 
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IVmlMl 


mS^- 
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y 


Not. 17, 189*. Peaty 
feeder (No. 10) to 
Ark HiU Gondait. 

lerroir. 
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0*09 
















8 


Nov. 17, 1894. Ark 
Hill Conduit water 
before mixing with 
Ponden Kirk Con- 
duit watw. 


Acid 


0*71 








■ 








t 


Nov. 17.1894. Ponden 
Kirk Conduit water 
(No. 16) to Water- 
■heddels Reservoir. 
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Neutral 




" 


" 




" 






10 


Nov. 17, 1894. Feeder 
to N.W. angle of 
Water-sheddels Re- 
servoir. 


Neutral 


Neutral 


' 


" 


■ 


" 








11 


Nov. 17, 1804. Ferru- 
ginous spring water 
(No. 8) discharging 
into south side of 
reservoir. 


Neutral 


Neutral 
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Nov. 17, 1894. Water 
from peaty swamp 
(N0.48.W. angle 
of Water-sheddels 
Reservoir. 


Acid 


0*48 
















18 


Nov. 17. 1S94. Penty 
feeder (No. 6) dis 
charging into south 
side of Water- 
sbeddels Reservoir. 
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U 


Nov.l7,18W. Water, 
sheddels Reservoir 
water. 
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S-2 


0-2 


1-6 


2-0 . 
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2-4 




15 


Nov. 17.1804. Water- 
shcddels Reservoir 
water, after llltm- 
tion. 


IJcutral 
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4*6 


0-0 


0-0 


0-0 


0-0 


0-0 \ 


16 


Feb. 8. 1895. Water- 
sheddels Reservoir 
water. 


A 


in accident happened to t 


he bottle, and no tests were cade. 

1 1 1 1 1 








■ 








1 
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Survey No. 15. 

LEEDS CORPORATION WATERWORKS. 

SOUBCB OP THE WaTER SuFPLY Ain> GSKEBAT D^CBIPTION 
OF THS WaTERWOBKS. 

The wster supply of the Leeds Corporation is derived from upland 
eoUecling ^rouDds in the valley of the River Washbtirn, a tributArj of 
the River Wharfe^ the most distant part of which collecting grounds is 
situate 22 mile®, and the nearest part 9 miles, north-wesi^ of Leeds. 
Before delivery to consumers, this water is filtered through fine river 
nod. There are two storage reservoirs on the eoUecting grouud. 
The upper is known as Fewmton Reservoir, and is situatetl at a height 
of 533 feet above sea level. The main source of supply to this reservoir 
is from the River Wa^^hburn, and it also receives the water from 
Thackray Beck and White Cragg Stream. The lower, Swinsty, 
Beeervoir, is situate at a height of 449 feet above sea level. It is 
•applied with water from Fewston Reservoir and from the following 
streams : — Spink Burn, Taylor's Beck, Woods' Beck, Swinsty HaU 
Becks No. 1 and No. 2, and Tarn Beck. 

The water is conveyed by three 30- inch gravitating mains from the 
Swinsty embankment down the Washburn valley to Arthington, 8 
miles, in the valley of the Wharfe, where engines* capable ^f pumping 
6,000,000 gallons a day are placed ; from these engines a fourth main 
joins the track of the three, proceeding through Lonl Harewood's 
lands and park to a reservoir, 4 mile«, in a valley at the village of 
Eccup ; t\na reservoir is not a collecting one, but is for the storage of 
water brought by the before- named mains. It is of large capacity 
(1,300,000,0(X) gallons), and secures a great amount of purification 
by the length of time (three months) the water has to remain in it 
before being used. From this reservoir, the water jMisses 3 J miles 
through the Black moor Tunnel and pipe lines, by gravitation, to the 
filter beds at Weetwood* These filter beds are nearly 5 J acres in 
extent, and are situate on the northern confines of the city. 

The following notes on Leeds Corpomtion Waterworks are of 
interest : — 

Rainffiil, 

Average yearly rn in fall in Leeds: — ^No record. 

„ „ „ on the gathering grounds: — About 42 inches. 

Capacit^^ ^, of Fewfton and Swinsty Beiervoin, 



Name. 


Cupaeitj. 


Top Wiiter 
Level. 


Areu. 


Dt^ptk 


■ 

PtfWStOO - - - 

SwtQffy 


Galloos. 
866,OfH>»OtlO 

960,000,000 


Feet. 

503* 

449* 


Acre«. 
156 

156 


Feet. 
47 

55*1 



• Above sea level. 



• Tlie water pumped here ift not from the River Wharfe, but Waehburu water 
[t»roogbt by ^n iudtpeudent pi|>e Ipo f^irOM th« Whoxfe to the pumping station. 

^ 8847^ h 
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Consumption of Waier, 
About 15,000,0(X) gallons per day. 



Drainage Areas. 



Fewston 

Swiasty 



13,025 acres. 
4,022 „ 



Daily rainfall on the (fathering ground from September I*/, 1 895, 
to October \st^ 189a, inclusive: — 



im&. 


inches. 


1895u 


Iiichet. J 


September 1st 


. 


_ 


September 17th - 




„ 2nd . 


- 


.^ 


18th - - 


— 


Sfd . 


- 


-as 


19tb - 


— 


4tli - 


. 


*32 


20tb - - 


— 


5tli ^ 


- 


■11 


2Ut - 


' — 


6th * 


- 


•78 


„ 22nd * - 


-^ 


7tli - 


- 


^- 


33rd - 


05 


,. 8tb 


, 





24th - - 


^ 


9th - 


. 


. — 


2Sth 


- i 


lOtb 


- 


•38 


26th ' ' 


- ' 


,, 11th - 


- 


M8 


27th " 




I2th 


- 


— 


„ 28th - - 


"^1 


„ ISth - 


. 


..^ 


29th . 





14th 


, 


— 


3(Hh - - 


•01 


» ir»th - 


- 1 


— 


October 1st - 


•38 


I6th 


- 


■ — 







Notes vn the Characters of the Gathering Chound. 

The Fewston and Swinaty gathering ground eonsista partly of moor- 
land^ and piirtly uf luount^ia pasture. Although the surface soil is to 
aorae extent peaty, yet, speaking generally, pe^t is not abundant either 
superficially or in depth. The geological formation is millstone grit 
(sandstone mnd flagrock). 

There appears to be much le^s heather, and a more abundant growth 
of grass on this as compared with most of the other likrge upland 
collecting grounds situate in the West Ri«Hng. The slopes of the hills 
are such as to allow the water to drain rapidly into the wtiterwr^rks, 
and there me but few ureas where the rain can saturate and lie stagnatit 
in the surface soiL As compared with other so-called moorland 
gathering grounds, this collecting ground yields an abundant supply of 
spring water, and very little surface peaty water. In consequence, the 
dry weather tlow in the streams is above the average. In conclusion, it 
is to be noted that Uie characters of the gathering ground are such that 
the bulk of the water drairiing into the waterworks is not derived from 
the drainage of peat, but from hill!^ide springs, or from the drainage of 
land whei^ there is little or oo peat present. 

Conditions found to exist on the Gathering Chround on October \stj 

1895. 

The water in Fewston Reservoir was tested at various points, and 
appeared to contAiu very faint traces only of acidity. Swinstj 
Betiervoir was practically neutral, and all the streams entering 
reservoir had a neutral reaction, viz., Spink Burn, Taylor's Beck, Wo 
Beck, Swiiittty Hall Becks No, I and No. 2, aiud Tarn Beck. 
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Tlie River Waehbuni, the chief eoorce of supply to Fewston 
R o s o i To ir, was neutral. Thackray Beck was also neutral, and White 
Cragg Stream contained only faint traces of acid. 

Samples of water were collr eted for special examination from varioiia 
flonreea, and the results are given iu an accompanying table. Briefly, 
the examination of these waters gave the folbwing result** : — The 
waters from the Washburn river, Thackraj Beck, and Spink Burn were 
neutral, and free from plumho-solvent ability. A «ample of Leedi 
main water obtained at a later date gave similar results* Fewston and 
Swinstj Reservoirs, nnd Wliite Cra^g Stream contained water which 
wiB only very faintly acid, and acted only very slightly on lead. The 
waters were ** harder " than is usually found to be the case with 
moorland water g applies. 

Remarks on the Results yielded by the Chemical Examination of the 
iVaters in reference to the Observed Characters of the Gathering 
Ground, 
It is to be noted that the storage reservoirs and their supply streams 
were practically neutral. Thia result might have been aoHcipated 
from the ehanu^'ters of the coUe<'ting ground, already described. Thus 
it has been shown that the slopes of the hills allow of rapid drainage, 
And that there are apparently no areas where the rain saturated peaty 
toil, and accumulates in hollows and depra^sionB. Again, the propor- 
tion of spring water, as compared with surface water, is far above the 
wnount usually found in the case of moorland water supplies. Lastly, 
the surface water which does reach the waterworks is only contaminated 
with peat to a smaU extent, the reason being that the surface soil over 
the gAthering ground is only partially peaty. 

LEKDtJ COKPQRATION WATERWORKS. 

Tabfe 15.— Chemieai Results. 



.. J. of the Sample of 
Water. 



iaTerwrn 
of c.c. 
Reaction r* w- nn 

^*^° I requiiwl 
Ltu-moid. i to iuhi- 
jtraiJJo 1CN> 
I CO. of 
[thflWftU-r. 



Action cm toftd (Eetnlta itftted &■ PKrta 
per 100,000 K Tho action on L«*d WM t«BtfNt 
HardneM W upward filtration ihrouKh SOowC. wialsed 
(CttOOi ^^^^ ^^^^ ^'^ ^^^ ^^ ^ ^ ^^'^ per 60 ox. 
Burtflper 



[ bit 2nd 
50 c.c ' ao c.e. 



3rd 



lith. 191 Stuapto of I 
"main*' water. 

2nd, l^tDG. ^liiimte of 
ftram the Ei?(?rWub* 
ni&tn Mnuroe of 
««ppl]r to Fvwiton ILDierroir. 

CMk>b«r Ind. IfiNl. Sample t^t 
»»tCT from rtmwUna B»ervoif . 

Oelolmr tad, IHIS. S«inp]e of 
•liar trwa ThfepJutty Bock, 
mm nf ih« mipply au««iiu to 
IVvtton ftMenroir. 

Ortoh r Slid, 1898. Sainiple of 
vftii#fr I mm WhiU; Cni|rg« one 
^ tbw iiupji>)y stroMDs to 
L fieaervolr. 



f Faint 
tnuse add. 



Neutral 



? Faint 
trace aoid. 



Neutmt 


5-« 


Xc^uirai 


8*54 


f FaintlT 


7*4a 


Xeutral 


6m 


? Faint 
tracoacid. 


irio 


f Vary 
taint 


7-M 


Neutral 


13-U 



5tb 

aoco. 



ATera4$«. 



O'O i 0*M 



00 



0-00 



r Faiat l»oe* 



O'O 



00 



f Faint trace* 



f fwry faint Ifaort. 
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Survey No. 16. 
MORLEY CORPORATION WATERWORKS. 

Source of tub Water Supply and Gkneral Description ©f the 
Watkrwobks. {For map^ see Survey Na, 13.) 

Thft water supply is obtained from moorland near Mytholmroyd, 

about 21 milos from Morley. 

There i& only one reservoir — Withen*s dough — ^on the gathering 
ground, and it is supplied with wiiter frora the following sources: — 

North Caichiraicr. — Thi^ catchwater drains a Urge area, chiefly 
moorland* on the north r*iile of the re**ervoir* 

On the sainic side of the r6.«ervoir are three streams, the central one 
of whieh is known as Jack Vlougk, 

lVithen*s dough enters the reiser voir at its upi>er end^ and is the 
main inlet stream to the reservoir. 

On the south t^ide of the reservoir are three streainii, known as Great 
Rut^ Deep Slade, and Fletcher's Ih/he^ as well as several snialler 
streams, which are of the nature of peat drains. 

South Cutchwater, — ^Tbis catch water drains a very considerable area 
of p?aty land on the 80titb aide of the reservoir. 

Of the feedera enumerated above, the South Gate li water and 
Fletcher's Dyke are the moat affected by the washing down of peat in 
timeH of storm, when, according to the waterworks* engineer, the Mrater 
is principally used for compensation purpottcs. 

On the north and south sidew of the reservoir are bye-chaiinels, 
which nre continued up to Withen's Clough at the upper end. and 
pass down the sides of the cmliankment t4> unite below in the bed of the 
same strojim* They are de8igne<l to carry storm and overflow water to 
corapensfktion, They can also he used to carry away the whole fluw of 
certain of the inlet streams, when they are turbid and discoloured after 
a storm. 

In connexion with all the principal inlet streams are filter beds of 
stone and sand, covered with limestone and chalk, and iu August 1894, 
slaked lime was being added to the water in these streams before it was 
allowed to enter the reservoir* 

Prior to August 1 894 the water in the reservoir was not ** treated," 
but after that date an effort was made by the waterworks authorities 
to neutralise the water with slaked lime by means of rafts. A further 
** treatment '* has since been adopted, soda in solution being added to 
the water in the supply well. 

The water from Withen*8 Clough is at present (1896) delivered to the 
town of Morley without any filtration- 

An enormous amount of peat has been removed from the bed of 
AVithen'i^ Reservoir, bnt the drainage area is bo rich in peat that, not- 
withstanding precautionary measures lo exclude it, large quantities are 
washetl into the reservoir, especially in storm time. 



I 



The following notes on Mortep Corporation fFaterworks are oj 

interest. 

iZai«/a//.— Average yearly rainfall in Morley. No records. Average 
yearly rainfall on the gjitliering ground. Kstimated at 41 inches, 
K.B. — The waterworks engineer supplies the following note : In 
^imating the quantity of rainfall available for supply, a considerable 





^r^action was made from the groas quantity flowing off the drainage 
smj^ea to allots for the exclusiioQ of siiuh watt^r as would come down 
*3uring, anilimraetliately after, flood:* and heavy ruins. 

Capacity/, 4€, of Wiihen'fi Ckmgk /?<?.?rrroi>.— Capacity, 330,000,000 
^aLioDs. Top water level, 90O feet O.D. Depth at outlet, 00 feet. 
^^Vftter area, ^ acres. 

Consumption of Water, — ^About 800,000 gallons per day. 

Drainage Area. — 1,200 acres. 



Daily Rainfall on Gathering Ground from June lOM, ll?94, to 
Augmt 24th f 189 4, inclusive. 

OhservatioiM cover the 24 hours previous to 9 o'clock a.m. on the 
dates given* 
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Notes on the Characters of the Gathering Ground, 

The gathering ground is principally composed of wa«t/e moorland, 
tad about 150 acres arc cultivated land, meatlow and pasture* Peat is 
far more abundant on the south than on the north aide of the reservoir* 
Underneath the peat clay is usually to bo found, and the permanent 
measures are sandstone rock, grit, and shale. The beds of peat vary in 
tliicknesa, and ai*e usually 2 to 6 feet in depth. The vegetation 
consists chieHy of heather and moss, but on tlie north side of the 
re«ervoir rough pasture grass covers a considerable area. The larger 
streams feeding the reservoir nm on rocky lieds, and the smaller on 
cky or peat bottoms. 

Although the (kainage from the soil is fairly rapid, there are numerous 
places on the gathering ground where the rain saturates tlie soil and 
lies stagnate there, forming peaty, mossy and marshy pools. The clay 
aador lying the peat is ptirtly to blame for this state of things as the 
water cannot readily escape downwards, and so is forced to travel in a 
lateral direction. 

In conclusion it is to be noted that the cliaractera of the gathering 
ground are such that the wat^r entering the waterw*orks in drought 
is very small, and in flood-time very great. The former watei is 
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derived chiefly from hill-«ide springs, and the latter from the .drainage 
of peat. In iuteruiddiate condtiions of tfie ruint'ttll the surface peaty 
wat^r is fitiJl the main soiirce ol' supply. No doubt arraajgeiueiits exist^H 
for the exclusion of titorm water^ but as the uton^ reservoir depetidi^H 
in great measure for its supply, not on the dry weather flow* hut on 
surface drainage during aud ailer heavy rain^^, tlie balk of the water 
used lor waterworks pui poses must be of a peaty nature* 



»t i«!^ 



CanditioHM found to exUt oti ike GaikeriHg Ground Ofi July lOlA, 
1894, and on August 24ih, 18^4. 

On July loth the amount of water entering the reservoir wan ve 
tXDall indeed. 

The water in the reservoir wad tested at i ariona points and wa 

found to be ai-id in re-aetiun. 

The water iu Witheu's brook, the main inlet stream to the reservoir^ 
was neutral. The feedera on tlie south Hide of the re^rvoir were ail 
acid. On the north side Jack Ciough ilream and the North Catehwatei 
contained acid water, the rest of the feeders contained neutral water. 

Most of the feedera just above their entrance to the reservoir havt 
rough tiitei's of limestone and chalk » In these eases the water, even if 
distinctly aeid liefore, was found lay l»e invariably neutral alter [massing 
throuj^h the filters. As however the feeders on July 10, 1891 wt 
ruDuiu^ nearly dry this fact has a limited siguilicance. 

At til is date ^' treatment" of the water with slaked lime was not i 
operation, 

Uu August 24th the ** feeders '* to the reservoir contained plenty of 
water and the eonditions represented fairly well the normal as regards 
the quality of the water entering the waterworks. ^H 

Between duly 10 and Angust 24 aud about three weeks before thJH 
latter date '* ireMnient *' of the water was commenct^d j "^ slaked " lime 
being added to the reservoir water by means of raits and to ceriain of 
the feeders by the use oi' troughs in which a concentrated mixture of 
lime and water was made, the hme water being allowed to mix with the 
water entering the reservoir. 

Withe u's reservoir was tested at various points and found to be still 
acid. Wiihen*s brook which was neutral on July lU, «.€., during the 
dry weather dow, was diBiinctly acid on August 24. 

The water in tlie North and iSouth Catchwattsr was very acid and the 
onlj neutrai water entering the i^servoir was i'rom two small streams 
on the noitb bank, which contained spring water and water from the 
drainage of soil ahnosl destitute ol pout. 

Jack Ciough, Great Hut, Deep tilade, antl Fleteher'a Dyke streams 
were all acid — piirticularlv the two latter. Two email peat drains 
situated the oue between the South Cateh water and Fletcher's Dyke and 
the other between Fleteher'a Dyke and Deep fcilade contained very acid 
water. 

As regards the limestone and chalk filters, thcee failed in every case 
10 neutralise the water, and the blocks of limcstoiic and chalk were 
thickly coated with vegeiable matter, so that it was unlikely that thej 
could act benehciaUy on the wuter. 

The treatment with slaf ed lime was mure successful| and, in certain 
cases, completely neutralisetl the water in the streams. As h«» 
already shown, however, the i*eservoir water was still acid. 

Various gampiej* of water wei^e collected lor more detailed eiaminationj' 
and the reaults are given in an accoinpauying table, which contains v^ett^ 










resulta of the examination of the water as Bupplied to Morlej on 
m Cerent dates* Briefly, the results may l>e described as follows t — 

Mortey Main JVaier (three samples) wiw acid, and acted di.stinctly 
Km lead on August 17, 1K94. Go November :i, L*1J4, the water 
f>xtjbably owinf^ to the continued maq of hmp) wiks practically ueutral, 
jcad Iree from pluuibo-^olvtfLit ability. Oa February 0, lyi)5, the wattjr 
more acid, aud acted more decidedly on le^id than the sample 
l>taiaed on August 17, 1894. 

IVHhen^s Jieservoir water, on A ugust 25^ 1B94, was add, and liad an 
E=^j>reciable action on lead. 

Jack Clough aud H^thefis Brook^ exammed on the same date, were 

^'"AiDd to posseHfl a o early tjimilar acidity and actio n on lead, the qualitjir 
t ihe water bein^ not 60 good aa the reservoir watar. 

FleicAer'M Dyke (August 2o, 1894) was exceedingly acid^ and acted 
«)et powerfully en lead. 

The North and South Calchwater and Deep Slude Stream (August 
S, 1894) were abo extremc^ly iund, 

GrecU But Stream (August 25, 1894) was distindtly acid, but not to 
*.e same extent i» the above. 

So tar as could l>e ascertained by pexiioual observation and by inqutry, 
leieber's I>yke, Deep 8laile, and the ^'ortb ami South Catch waters* 

lined land exceptionally rich in peat, and liinrl where the rainwater 
^tnraled the soil, and accumulated and lay stagnant iu peaty, hoggy^ 
'^■3d marshy placen. The same n^marks apply, although to a much 
^oinUer extent, to Witheu^s Clough, Great Rut Stream ami Ja<.*k Clough. 
^ heie three streams, ami particularly Witheu's Clyugh, contain aurne 
^S>riQg water which, during a perio<i of drought, when the surface water 
•^nearly drie<i up, may have the ed'ect of oeutraliaiug the water before 
% entera the waterworks. 



^-^emarki on the fc^uits tfielded by tl%e Chemical Examination of the 
Water in reference to the observed character of the Gathering 
Grounds 

It IS to be noted that ibe chemical results are in keeping wuh the 
observed chai-acters of the gathering ground. 

J^ The acidity of Within*:) Lie8».*rvoir is c^asily accounte^l for smee it has 
been shown that even in dry weather many of its '* teedera '* eon tain 
acid water aud that in Htorm time the great bulk of the water entering 
the waterworks is markedly acid. 

Til© chemicid ni^ults taken in conjunction with the observed characters 
of the gathering ground point not only to iht^ asiioeiatiou of acidit)' with 
water drtiinage from peaty soiU but alsio to a cert*un paralli li&m between 
the amount of the acidity and the dci^ree of coutainiuaiion of the water 
with peat. 

it was observed as a result of a geaeral inspection of tlie gathering 
ground that certain wide areii^ w^ero very rich in peat, and that otijei 
areas were poor in this respect. The chemical results showed that tho 
termer yielded a very acid water, iind the hitter a nt/utral or only shghtly 
acid watei. Compare the south with the north side of ihe storage 
feeervoir in this connexion. 

Again it was noted as a result of a closei' inspectiun of tlie gathering 
ground that smaller areas existed where the peat was exccpUoually deep 
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and the drainage from it very slow, and where the rain not only 
saturated the soil but lay stognatiDg in peaty pools. 

Such areas yielded a water peculiarly acid, e,g,y Fletcher's Dyke. 

In conclusion it may be stated in broad terms that if the ^^ feeders " 
were arranged in order according to the amount of their acidity, and 
the areas drained by them according to the amount of peat obserTed to 
be present, the parallelism existing between the amount of the acidity 
and the degree of contamination with peaty water would be clearly 
established. 



MoBLET Waterworks 
Table 16.— Chemical RetulU. 



, 


DeKsription of the Sample of 
Water. 


Hard. 

ness 

(OiCo, 

Pts.per 


Reaction 

with 
Uomoid. 


Acidity in 
Termn 
of C.C 

^Na/X). 

required to 
nentralisB 
lOOccof 
the Water. 


Action on Lead (Results sUted as Par 
pel 100.000). The action on Lead waste 

Lpad8hotattherateof.Smin8. per50< 


1 


1st 
60 cc 


2nd 
SO&e. 


•Srd 
60 CC 


4th 
60 cc 


eoccj^^^ 




Auguit 17th. 1894. Morleymain 
water. 


— 


Add 


0*42 


0*0 


0*1 


0-4 


0-6 


0-7 


( 




Koremher Srd, 18M. MorUgr 
main water. 


6-7 


f Trace 
acid. 


Tnoes. 






•Trace 


add. 








Fehniar76th,lW6. Morley main 
water. 


6-0 


Acid 


0-flO 


0*6 


0*6 


0*6 


0*6 


0-6 






Aarmt 20th, 18M. Withen's 
' BiBMnroir water at Hjtholm- 
royd. Morley waterworks. 


4'6 


Add 


0-80 


0*0 


0*1 


0-2 


0-2 


0*2 






Angnat 8Sth. 1894. Jack Cloogh 
water, one of peat feeders to 
Withen's Reservoir. 


— 


Add 


0*4S 


0*0 


0*2 


0*4 


•*6 


0-6 






August 26th, 1894. Withen's 
hrook, main "inlet" to 
Withen's Reservoir. 


— 


Add 


0-4S 


•*0 


0*2 


0*6 


0*6 


0-7 






Ans:u8t 26th, 1894. Fletcher's 
I^ke water, one of peat 
teedars to Withen's Reeerroir. 


— 


Add 


1-70 


S'O 


6-0 


6*0 


6*0 


7-0 






Ancnst 26th. 1894 North Catch- 
water at point of entrance into 
Withen's Reservoir. 


— 


Acid 


0-98 


— 


— 


— 


— 


- 






Angntt 26th. 1894. Great Rot 
stream, one of peat feeders to 
Withen's Reservoir. 


— 


Add 


0*46 


— 


— 


— 


— 


- 


• 


10 


Auguit 26th, 1894. Deep Slade 
stream, one of peat feeders to 
Withen's Reservoir. 


— 


Add 


1*10 


— 


— 


- 


" 


- 




11 


Aiigutt 25th. 1894. South Catch, 
water, at point of entrance into 
Withvn's Reservoir^ 




Add 


1-40 






; 


~ 


" 
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Survey No. 17, 

NELSON CORPORATION WATERWORKS- 

Source op th» Water Supply and General D&scEiPTioif 
OF THE Waterworks. 

The supply ia obtAineil from two moorland gathering gronnils aboTe 
Coldwell and Ogdeo Springs, about four and four and a half luUes 
reepectivelj from Nelson, 

Coldwell System. — Coldwell Reservoir receives its supply from a 
number of sm^l moorland streams which — under oniinary coiulitions of 
rainfiidl — contain chiefly spring water. In the bed of the reservoir 
there are a number of springs which yield an abundant supply of water. 
, storm watercourse runs along one side of the reservoir, and all the 
ams which discharge ordinarily into the reservoir may be turned 
own this watercourse. This arrangement allows of the exchision of 
water from the waiter supply. The water frora Coldwell is not 
:filt<?red. It is conveyed through au iron pipe direct to ** Wades ** House 
Service Reservoir. From this it goes to Nelson, being connected with 
the main from Ogden in the centre of the town, so that Ogden water 
can, and does under certain conditions, reach the Service Reservoir. 

Ogden Syitem, — There is no reaerv^oir, except for compensation 
Ijnrposes, in connexion with this system of water supply. 

Ihe water is taken directly from a moorland strejim known as Ogden 
'Water, and led on to two filter beds (sand and gravel). 

After filtration the water is carried by an iron rnaia over Pastnre 
IHead to Nelson. 

The following note on Nelson Corporation Waterworks are of 
interest : — 

Rainfall* 

Average yearly rainfall in Nelson, no gauge. 

„ „ „ on Ogden gathering gronnd, no gauge. 

„ ,, 19 on Coldwell „ „ 30 inches. 

Capacity^ 4*^., of Coldwell Be^ervoir, 



Capacity. 


Top Water Level, 


Depth. 


Am. 


GalloBs, 
80,000,000 


943*00 


Feet. 
59 


Acrei. 
About 18. 



fThe capacity of ** Wades ** House Sen ice Reservoir Is 2,000,000 

gallons, and its top water level 718' 5 feet.) 



Drainage Area, 

Ogden gathering gronnd, when all utiiised, 1,100 acree (exclusive of 
compensation area). 

Coldwell gathering ground^ 400 acres , in addition to which the 
Corporation can take water from springs having above them a drainage 
BTtA of 9,600 acree^— the water from which does not go through Coldwell 
Bas6rroir« 
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Conntmpiiom of Water, 

700,000 to 800.000 gallons a day. 

Yield of ivater from Ogden, 400,000 gallons a day (with no rejsefvoir). 
Yield of wat^er from Coldivelly 515,000 gallons a day (excludi 
compensation water). 



Nates on the Characters of the Gathering Ground, 






ColdweU System. — The gathering ground is moorland in character. 

The surface soil on the higher portions of the gathering grountl is 
peaty, *md supports th^ growth of moaa and heather. Lower down the 
soil is mncli less peaty, and the vt^etation is chiefly composed uf rough 
pa8turc5 gras». The rock underlying thf surface soil is chiefly aaudstone 
and 8hale» belonging to the coal measure series, and millstone grit under 
the higher portion of the area. 

The slopes of the hills are sufficiently steep to cause the rain to niu 
rapidly off the surface. There are very few places where the rain 
stagnates in the soiL The moorland e^tretims supplying ColdweU 
Reservoir run for the most part on rocky beds, or ou clay bottom, and 
not on peaty soil. Besides the springs iu the bed of tlie reservoirs, a 
large quantity of spring wat*-r Hnds its way into the streams, aud these 
streams contain only a coni|)aratively small amount of peaty water or 
water derivtHi from sur(aee drainage. 

Ogiien St/ifem^-^Thm gathering ground is composed of moorland. 
Ogden doughy tbe source of tliia system of water supply, yields a large 
amount of water. It runs a precipitous course along a rocky and sandy 
bed, liud is fed laterally by numberless small strea^ms, which drain land 
more or less peaty in character. The hills bounding Ogden Clougli are 
very precipituus, and the rain falling on theEu ruaa rapidly away. 

These hills are covered, not only with grasn, but with heather and 
moss, and tlie soil covering is peaty. Owing to the abrupt slopes, 
however, the surface soil is thin, and in many places wanting, tbe 
underlying ri»ck cropping out on tbe aurfiiee as rocky and sattdy beds 
which successive rain l alb wash down into tbe valleys. The denudation 
taking place — especially in storm time— -is couiiiderable, large quantities 
of peat and disintegrated rock being carried do wnw aids into and along 
tbe bed of Ogden Clough. A large amouut uf spring water enters this 
source of t^upply. There is also a considerable proportion of peaty 
water, or water fVom surface drainage, but since the rain does not 
stagnate in the soil its quality is not bad. The rock underlying tb^ 
surface soil is chiefly Yoredale grit and shale. 



Condi iiofts found to eJtist on the Gathering Ground on April 2nd, 

1896.* 



Lacmoid 

examitied. 



was used to test the reaction of the various wa 



ColdweU System, — ^The water in ColdweU Heservoir was neutral io 
reaction. The water in the streams (tbree) wbich supply this reservoir 
was neutral. These streams contain a mixture of spring water and of 



^ The daily miiifali prvmuii to April 2nd, 1896, covM Dot b« aiotrtamed 
gaugiagA were taken. 
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iar!«ce water, whicli ia more or less peaty in chAracter. Some of the 
tmaUer Bubsidiary streams were al^ t<^sled, and with similar rftstilts. 
Ins possible that in storm time the inerea.ie in the nmotiut of surface 
water might alter the rL^action of, at all events, some of these streams. 

Off den S^iiefn. — Qt^nJen Clough, both before and after filtration, was 
neurral in reaction. This stream was traced upward along part of its 
oourae, but the reaction of the water wits found to be the same. Of the 
miUer streams entering O^deo Clough which were tested^ all were 
found to contaio Deutnd water. It is quite possible that in ^torm time 
Ogden Clough may cou tain an acid water, owiug to the increase of peaty 
surface water as compared with spriog water. 

Samples of water were collected for more detailed exami nation from 
Cold well Reservoir and from Ogden Clough. The examimition of th«ae 
waters showed that they were neutral, and free from plumbo*solveiii 
ability. The refiuks are g'lYen in an accompanjiog table. 



fteTnarkM an the Results ^ieided by the Chemical Ejeaminatton of the 
fFcUers in reference to th£ observed Characters of the Gatherintf 
Ground, 

€!oldwell S^item.^^The following pointiS are worthy of note as bearing 
<*«* the observed neutral condition of the water, notwithstanding ib» 
'fioorland origin. There is a very ccmsiderable amount of *^pring waterl 
f^*x>bahiy this t^pring water is not only neutriilj but possesses som^ 
*^^*ifliderable acid m^utraliniiig ability. 8up|>osiug i]m to be the case, 
'•n^Bji it is probable that, even if sjme acid neaty wiitt'i" does gain access 
**^ tlie water supply^ the spring water is more than sutiietent in quantity 
*^^ neulralise such acidity. A common source of acidity in moorland 
'^^^fc-ters is from the rain stagnating in peaty and mossy pools. Un this 
S"**^ Inhering gTounil the fall of the ground i» sutticient to carry the water 
^^^^ay fairly rapidly, and the peat is not deep. 

The streams run on rocky beds^ which are subject to renewal by 
j^^iiding agencies. As bearing on the neutral condition of Goldwell 
^^5«ervoir, it is 1o be noted that in flood time the streams are diverted, 
^^d instead of entering the reservoir, the water passes down a storm 
^'^tercourse, and is nsed ftjr compenstition purposes. 

On moorland gathering grounds, where there is a good growth of 
^l^ass, the surface goit is usually only partially |:>eaty in character, and is 
^ell drained. The water draining irom such areiis is usually neutral. 
It has been already shown that oti this gaiheiing ground grass gi"ow8 
^Ver a large portion of the t<itai area. 

Briefly stated, the important points to be noted are : — The prepon- 
derance of spring water as compareil with pe^ity waier. The good 
drainage of the soil. Peat is not very abundant, either su[>erflcially or 
in depth. 

Ogden System. — ^Mueh that has been already said of the Coldwell 
system applies equally here. Tire peat appears to be more abundant on 
this gathering ground, but it is especially to be noted that the aides ol 
the bills are extremely precipitou?*, thus allowing the rain to tun rapidly 
off the surface, and preventing it from stagnating in the soil. 

Comparing the two systems of water supply, it is of interest to note 
that Coldwell hprings are said to come from a greater depth ol soil, 
tnd to yield ** harder " water than Ogden springs. Probably a smaller 
quantity of Coldwell than of Ogdeu spring water would be needed to 
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neatnJise sarface peaty water. The Ogden appears to contain more 
surface water than the Goldwell supply, but owing to the very rapid 
drainage of the soil on the Ogden gathering ground, it is perhaps of 
better quality than the water derived from Coldwell, where the slopes are 
much less abrupt and precipitous. 



Nelson Corporation Waterworks. 
Table 17.— Chemical Results. 





Dewsriptkmof 

the Sample of 

Water. 


Addity. 














^ 


Reaction 

with 
Lacmoid. 


InTenm 
ofcc. 

1^N%00, 

reonired to 

neatnliae 

100 ox. of 

the Water. 


Action on uma (isesaita scatea aa Jfarta 

ver 100,000). The aotkm on Lead waa teated 

oy upward flltntioo thimurh 60 cc. washed 

LeadSh^ 


1 


lit 
Moo. 


tnd 
fiO&o. 


Srd 
60 0.0. 


4th 
60C.C 


6th 
60 cc 




1 

2 


Offden Oloo^h water 
before flltratioii, 
April 4th. 18M. 

Coldwell Beaerroir 
water,April4th,189& 


Neatnl 
Neatnl 


Neatnl 
Neatral 


O'O 
0*0 


0*0 
O'O 


0-0 
0-0 


0*0 
O'O 


0-0 
0- 


0-00 
0-0 
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Survey No. 18. 

OLDHAM CORPORATION WATERWORKS. 

SOUBCC OF THE WaTEU SuPPLY AND GeNEBAL DESCRIPTION OF THE 

Waterworks. 

The snp Ay is obtaiDed from moorland gathering grounds at Strineadale, 
Pieihorn, Denshaw,aiKl Castlesliaw, twO| seven, six, and five miles from 
Oldham respectively. 

Thf water from Strioea^lale Waterworks has been rejected, and is now 
used only for compensation purposes. 

Deushaw Sf^stem. — Tiiere are four reservoirs on this gatherings 
ground, the water from which is dealt with as follows : — A moorland 
itmim supplies Readycon Dean, and tho water from this reservoir pa-sscs 
into Crook Gate Reservoir. Dowry Reservoir receives the water from 
Crook Gate and from Dowry Bci^k, and discharges into New Ye^ir's 
Bridtje. From this latter reservoir the water is eonveyed by a tunnel 
and line of pipes to Hanging Lees Reservoir Dowry Beck drains a 
large are^i of moorland. At its lower end a wreek lodge is provitled to 
keep back p*?ai and debris from entering Dowry Reservoir. Flood water 
b excluded from all the reservoirs used for domestic purposes by means 
of storm- watercourses. 

Piethorn System* — -There are ^ve reservoirs (and a sixth in course of 
construclion), two of which, Ogden and Ritcliffe Reservoirs, are used 
only lor compensation purposes. The t^ourse taken hy the water is as 
follows : — The water from the Denshaw System is brought, by way of a 
tunnel, to Hanging Lees Reservoir. A main carries the water from this 
J^ftrrcnr to the higher parts of Oldham, hut most of the water is allowed 
to paas into Piethorn Reservoir, and from thenee it is conveyed by 
another main to Oldham. Piethorn Reservoir is also supplied with 
water from Norman Hill Re.*^:*rvoirj whieh, in turn, receives its supply 
from a moorland streanj draining 480 acres, Storm- water is not 
allowed to enter tho reservoirs, imd is carried to compensation by a 
Btorm- watercourse. Storm-vvatercoureea exifit also in connexion with 
ah the other systems of water supply. 

Castleshaw Si/sfem.—TheTQ are two reservoirs, Upper and Lower 
Caatleshaw^ on this gathering ground. The main source of sopply is 
from Cud worth Beck, which supplies the upper resenoir. From Upper 
Castleshaw Reservoir the nater passes direct to Strinesdale for distrt- 
biilion in the Uoroiigh. The flood water passes into the lower reservoir. 
The main streams at Castleshaw are pitehed to the crest of the hill, with 
the object of preventing the iJHiudatioLi of the sides of the valleys. 

The Corporation own all the land bordering the reservoirs, and tho 
watershed is ft-ee from all ^ourees of pollution. 

The water is delivered to the town of Oldham without filtration. 

The following notes on O hi ham Cori>oration Waterworks are of 
interest i — 

Notes an Oldham Corporation Waienvorki, 

RainfaiL 

Average yearly rainfall in Oldham - - 36 inches, 
„ „ ,, on gathering ground . iJ „ 
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Area, Top Water Levels Depths and Capacity of the Chief 
Reservoirs, 





Area, in 


Top-Water 

Level, in 

Feet. 


Depth, in 


Capacity, in 




Acres. 


Feet 


Gallons. 


Piethorn Riiservoir - 


40 


823 


58 


868,000,000 


O^en Reservoir 


';t 


690 


88i 


146,000,000 


Hanjpng Lees Reservoir 


884 


30 


81,000,000 


Kitcliffe Reservoir 


12 


757 


27 


60,(K)0,000 


Norman Hill Reservoir 


8 


911 


45 


60,000,000 


New Year's Bridge Reservoir 


14} 


945 


55 


91,000,000 


Dowry Reservoir 


S3 


1,000 


54 


163,000,000 


Cr(K)k Gate Reservoir 


7* 


1,052 


49 


41,000,000 


ReadycoD Dean Reservoir 


14 


1,268 


48 


86,000,000 


Upper Castleshaw Reservoir - 


soi 


848 


64 


258,000,000 


Lower Castleshaw Reservoir - 


26 


762 


43 


186,000,000 



Drainage Area. 

Piethorn System - - 1,820 acresi 

Denshaw System - ■ 1,350 „ > Total, 4,120. 

Castleshaw System - - 950 „ J 

StriDesdale System . - 1,360 „ Bejected 

Consumption of Water. 
8,274,560 gallons, on 307 days in the year 

Rainfall for March 1896. 





Stations. 


Date. 


Piethorn. 
Gold Creave. 


Denshaw. 

New Year's 

Bridge. 


Castleshaw. 


Strinesdale. 




Height of Gauge 


Height of Gauge 


Height of Gauge 


Height of Gauge 




ahove Sea Level, 


above Sea Level, 


above Sea Level, 


above Sea Level, 




894 Feet 


1,012 Feet. 


875 Feet. 


815 Feet 


1896. 


Inches. 


Inches. 


Inches. 


Inehes. 


March 1 - 


005 


012 


Oil 


0-09 


'i - 


0-45 


0-51 


0-57 


0*35 


,. 3- 


0-08 


009 


on 


008 


„ 4- 


0-20 


0-38 


0*40 


0-21 


„ 5- 


0-20 


0-28 


0-28 


015 


,. 6- 


0-38 


0-35 


0-87 


0-26 


„ 7- 


0-62 


0-76 


0-80 


0-67 


., 8- 


0-18 


0-16 


004 


0M5 


» 9- 


005 


010 


O'OS 


0-07 


„ 10- 


0-26 


0-41 


0-80 


0-22 


„ 11- 


— 


008 


0-07 


003 


., 12- 


— 


— 


— 





» 13- 


0-36 


0-46 


0-33 


0-29 


» 14- 


002 


— 


0-10 




„ 15- 


0-50 


0-56 


0-51 


0-39 


„ 16- 


005 


0-05 


0-04 


006 


17- 


0-13 


0-23 


0*28 


0*18 
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RainfMfor Afareh 1896 — continned. 





Stations. 


Din. 


Piethom. 
Gold Creare. 


Denshaw. 

New Year's 

Bridge. 


Castlethaw. 


Strinesdale. 




Height of Gauge 


Height of Gauge 


Height of Gange 


Height of Gange 




above Sea Leyel, 


above Sea Level, 


above Sea Level, 


above Sea Level, 




894 Feet. 


1,012 Feet. 


875 Feet. 


815 Feet. 


1896. 
IfMdilS- 


Inches. 


Inches. 


Inches. 


Inches 


— 


— 


«— 


— 


„ 19 • 


0-04 


0*06 


0*06 


0*01 


n 90- 


0*10 


19 


0*10 


0*06 


», 91- 


0*01 


— 


— 


— 


m 99- 


0-03 


0*09 


0*08 


0'09 


», 93- 


— 


— 


— 


— 


,• 94. 


0-07 


012 


0*13 


0*09 


- 95- 


0*20 


015 


016 


007 


»» 96- 


0*88 


0-69 


0*51 


0-39 


». 97- 


0*40 


0*27 


0*24 


0-28 


»» 98- 


0-05 


0*99 


0*94 


0*28 


- 99- 


0*01 


005 


0*06 


0*03 


*» 80- 


— 


— 


-- 


— 


»• 81- 


— 


— 


— 


— 




4*89 


6*96 


5*97 


4*50 



Rainfall for April, 1896. 



1896. 


Inches. 


1 Inches. 


Inches. 


Inches. 


I^^ 1 - 


_ 










»» 2 - 


004 


0*08 


0-05 


0-06 


.. 3 - 


— 


— 


0-02 


003 


». 4 - 


— 


003 


.- 


0-05 


^ 5 • 


— 




002 


— 


., 6- 


— 


— 


— 


— 


», 7 - 


— 


— 


— 


— 


», 8 - 


— 


— 


— 


— 


», 9 - 


0-06 


0-11 


Oil 


0-03 


», 10- 


017 


012 


0-13 


0-08 


», 11 - 


0*05 


009 


0-08 


006 


», 12 - 


0*04 


0*10 


0-07 


0-10 


•, 13- 


0*10 


0*16 


0-17 


0-11 


.. 14 - 


0*08 


0*12 


Oil 


0-17 


., 15- 


11 


0*15 


013 


009 


.. 16 - 


0*28 


0*36 


0-42 


0-29 


., 17 - 


— 


— 


— 


— 


., 18 - 


— 


— 


— 


— 


^ 19 - 


— 


— 


— 


— 


>. 90 


— 


— 


— 


— 


.. 91 - 


— 


— 


— 


— 


»» 99 - 


— 


— 


— 


— 


« 98 - 


— 


— 


— 


— 


», 94 - 


— 


— 


_ 


— 


„ 95 - 


0-05 


Oil 


008 


0-08 


» 96 . 


0-08 


0*04 


0-03 


O'Ol 


« 97 - 


0*95 


0-24 


0-21 


0*20 


., 98 - 


0-25 


0*12 


014 


0-12 


„ 29 - 


001 


0*05 


003 


0-08 


» 80. 


0*10 


0*16 


0-20 


0*03 




1*69 


2*04 


2-00 


1-59 
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Ramfall Jor May, 1896. 





Stations. 


Date. 


Plethora. 
Cold Greave. 


Denthaw. 

New Year's 

Bridge. 


Castleshaw. 


Strinesdale. 




Height of Gauge 

above Sea Level, 

894 Feet. 


Height of Gauge 

above Sea Level, 

1,012 Feet 


Height of Gaoge 

above Sea Level, 

875 Feet 


Height of Gauge 

above Sea Level, 

815 Feet 


1896. 
Maj 1 - 
„ 2 - 
M 8 - 
„ 4 - 


Inche». 


Inches. 


Inchefl. 


Inches. 


„ 5 - 
„ 6 - 


z 


■^ 


__ 


~~* 


„ 7 - 
„ 8 . 
„ 9 - 


— 


— 


— 


— 








— 


— 


„ 10 . 
„ 11 - 
„ 12 - 
„ 18 - 




— 


— 


— 


„ 14 - 
„ 15 - 
,. 16 - 
„ 17 - 
„ 18 . 
,, 19 - 
„ 20 
„ 21 - 
„ 22 - 
„ 23 . 
,. 24 - 
2S 


005 
0-09 
002 
0-45 
004 


015 
016 
0-09 
0-49 
007 


014 
0-15 
% 0-02 
0-48 
003 


0*07 
O-ll 
005 
0-40 
0-01 


„ 26 - 
„ 27 - 
** 28 - 
.. 29 - 


— 


I 


— 


— 


,. SO - 
„ 81 - 


= 


= 


— 


*^" 




0-65 


0-96 


0-77 


0*64 



Notes on the Characters of the Gathering Chround. 

The whole of the gathering ground is composed of moorland, and 
the surface soil is peaty in character. The amount of peat varies very 
much on the gathering ground. There are large areas where the eK>il 
is only partially peaty. The soil is usually most peaty and deepest on 
the higher and flatter portions of the gathering ground. On the slopes 
of the hills the soil is thin, and where the sides of the valleys are very 
precipitous the underlying rock appears on the surface. The vegetation 
consists for the most part of coarse grass in an active stage of growth, 
but heather is abundant in many places, particularly where there exists 
much decaying vegetable matter and boggy land. Briefly stated, it 
would 9eem thf^t where th^ soil i^ least peat^, and well dmned, grans 
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grows most freely, but t!mt where the soil is boggy in character heather 

and moss flourish. The surface soil rests on grit or shale, and the peat 
beds overlie a layer of clay 12 to 18 indies thick. The denudation on 
the slopes of the hills is very considerable, and in Blorm lime large 
quantities of disintegrated rock, as well as peaty matters, are carried 
down the watercourses. Nearly all the water draining from the 
gathering ground has a rapid fal!, but high up on the hills there is a 
consi ierable opportunity atforded to the water of stagnating in the peat* 
Much of this peaty water, however, fails to reach the water works, 
IB it is only washed into the streams during flood time, and the 
exceptional control of the reservoirs with storm-watercourses prevent 
its contaminating the water supply. The streams mainly run over 
joeky and sandy beds for considerable distances before being collected 
for waterworks purposes. 

Passing briefly in review the different systems of supply, it may be 
stated that the Fiethorn System appears to receive least, and the 
Castleshaw System most peaty water. The former certainly drains 
land less peaty than the lutter. On one portion of the Pietborn gathering 
pround ditches have been cut to prevent the rain from stagnating in 
ihe ftoib The effect of this has been to stimulate the growth of grass 
on the surface, and to improve the qu:dity of the water draining there- 
£rom* Similar improvements have been canied out on other portions 
of the gathering ground, and in general the attempt has been made to 
^et the water in bulk into the reservoirs us soon as possible. The 
^pper reaches of Cud worth and Dowry Becks drain lands exceptionally 
j>eaty, but — and this especially in the case of Dowry Heck — much of the 
"vater in ordinary conditions of rainfall h held by the peat or lies in 
T)og holes, and can oniy be washed into the watercourses in flood time, 
"^hen it is not permitted to reached the reservoirs. The moorland 
stream supplying Keadycon Dean Reservoir derives its water from a 
"peaty area comparable to the area drained by Dowry Beck. 



Condiiiotis Jound to exist oti the Gathering Ground on April Ifkh 
and Ma^ I5th, 1896. 



^H The rainfall previous to April IGth and May I5th was below the- 
^piterage. The rainfall for March, April, and May is given in 
^^ iccompanying tables. 

The reaction of the water in the reservoirs and in the moorland 
I Btieams was tested with an alcoholic solution of lacmoid. 

Piethortt Si/stem, April 1 6th, 1896.— The water in KitclifFe and 
I Ogden lieservoirs is used for compenenfion purposes, and so no test 
waa made o£ the reaction of this water. The water in Piethoro. 
Beeervoir was only very slightly acid, and so was the water entering 
Pietborn Reservoir from HHnging Lees lleservoir. The water issuiDg 
from the tunnel which conveys the water from the Denshaw System to 
Hanging Lees, and the water in Hanging Lees Reservoir, appear to 
oontain only traces of acid. 

The water from the main moorland stream supplying Pie thorn 
Reeenroir was neutral in reaction, and so was the water from Cold 
G reave Clough. The latter, how^ever, traced upwards towards its 
•ource, became gradually acid, a fact to be attributed proltably to the 
presence of more peaty and less spring water in its upper part* It is 
Hot unlikely that Pielhom and Cold Greave Clougha yield an acid 
*Water in flood time, when the proportion of spring water to surface 
E i8&7f. M 
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ilraiiiAge wAter Is lefisened. The wrmngameni of the storm-watef' 
c<)arses is sach, however, that flood water L» not permitied to eater the 
vftUer stipplj, and is u^ed instead for oomponsatioii purpcwes. 

Wat4^ m also piped to Pietborti Keaervoir from land which is perhaps 
ercepUonall/ peatj. Thbarea has been carefully drained by ditches and 
iupe9» and %*ith the result that where the vegetation was scanty before, 
grass now flourkhea* The water from the various drains Ia discharged 
by a common pijK? into Piethom Reservoir, and this water was found to 
be slightly' acid in reaction. It is reasonable to sup^)ose, however, that 
che improved drainage would lessen the ecidity of this water by pre- 
venting the niin from stagnating in, and saturating the pe;tty soiL 
Other and sitnihir areas ^ exist on thb gathering groQud which are 
liruincd in the same way. 

Ca^thshaw Sy$tem. April 16th, 1896. — The water in Upper and 
Lower Castle Sliaw Reservoirs was nctd. Tiie main moorland stream 
supply in ::^ this waterworks system is Cudworth Beck, and the water in 
it, a^ Well as in some of its chief tributary feeders, was found to be 
distinctly acid. As has been alrea<Iy described, Cudworth Beck drains 
hind exceptionally peaty in character* The pitching of the lower part 
of the bed of this stream, while it prevents denudation of the hill slopes^ 
may abo prevent a certain amount of neutralisatiou of the water. It 
seems that the flow of water along a rocky bed, and the constOint washing 
down of rock and nand from the hill side«, has a certain neutralising 
effect in the case of a q acid moorland water. 

Denshaw Sj/stem, Mny 15tlu 181>6*— The water in New Year's 
Bridge Reservoir apjieared to be faintly arid in reaction. The water in 
Crook Gale and Dowry Reservoirs was acid. The water in Ri«dyeon 
Detm Reservoir and itt^ main feeder was not tested, bat it is probable 
that it is — at all events occasionally — acid, since Crook (Jate iU^ser^-oir 
takes its supply from this source. Dowry Beck — the water in which 
was runnidg very low owing to the prolonored drought — was tested at 
inter^'fth along its entire course, and foiHul to be neutral. Four of its 
chief tributary feeders were tested : one was m^ntral, but the other three 
were acid in reaction. In its upper part Dowry Beck receives neutral 
w^ater from a number of small "ochre '' springs. The water from these 
*?prings loses most its iron as sonn as it issues from the ground. 
Owing to the prolonged drought hardly any water was draining from 
tlic surfac^^ soil. The. water lay, however, s^tagnating in peat holes, and 
when tested with hicnioid gave a distinctly acid reaction. A satnple of 
wntcr was obtained from one of these peat holes^ and it was noted whilst 
collectini; it that the water was quite warm to the touch. Much of the 
fieat on this, as well as on other parts of the gatliering ground^ rests on 
clay. From the nature of the collecting ground it 4-eem't likely that 
Dowi-y Reck contains an acid wat^^r in sitonn time. The amount of 
^liule and fand washed down the lieck from the slopes of the hills in 
ptorm time is very great, and n large ** wreckage *' lo Ige is provided at 
its lower end to deal with this matter. It is to l>e noted that this 
iCEtensixe clcoudation of the hills may be a not uuimjKjrtant factor in 
bringiri^f about the neutralisation of the water. 

^Flooil water is excluded trom the water sup[i!y by s^torm watercourses. 
• Snuiples of water weix^ collected for detailed cxami nation from New 
Year*H Briilge, Fiethorn, and Upper Ciistle Shaw Resservoire, from 
Dowry and Cudworth Recks, from the Tunnel Exit from the Denshaw 
Systeui, and from a depre^t^iou in the peat at or near the origin of 
1/0 wry Beck. Later a wimple of water tVoui lleadycon Dean Brook was 
e|£ainified, and al50 a sample of water from Dowiy Beck in hea%'y flood. 
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The results of the examioAtioii of tbese waters is shown m an accom* 
pduijiDg tahle. Briefly, the analysis of these watera showed that the. 
water from Piethorn, ^ew Yeai' s Bridge, aud Upper Castle Shaw 
Reservoirs, and the water from the Tunnel Eadt fmrn the DensLaw 
System wjjs sUghtl/ acid, and didsolveil lead to a funall extent, that the 
water from Dowry Beck was neutral, and free from plu mho -sol vent 
jibUttj, and that the water from Cadworth Beck was distlnetljr acid, and 
•cted distinctly on lead. The water from the bog hole near the origla 
(ji Dowry Beck was extremely acid, and dissolved lead in a very marked 
manner. The sample of water from Readycon Dean Brook, obtained at 
& later date, was neutral, aod.free from plumbo-solveot ability. The 
water in this gtreum was running very low at the time the sample was 
coHexjted, and it is pmbttbk% from tbe peaty nature of the ground which 
it drains, that it would be acid in llood time. 

A sample of water tjbtained from Dowry Beck in heavy flood was 
found to be very acid, and to act on lead in a marked manner. 

With regard to the waters testtnl on tlie gathering giound, but not 
collected for more detailed examination, it is to be noted that when a 
^ater gives a neutral, or only a very faint acid reaction with la^moid, it 
l"will not dissolve lead under laboratory condition a of experiment to any 
appreciable extent. 

emarks on (he Retfttltfi yielded by the Chemical Examination in 
reference to the observed Character of the Gathering Ground, 

It is to be notetl that the character of the gathering ground is such that 
^t might lie expected that the reservoirs would oonUiin water more acid 
tliin was actually found to he the case. Doubtless thp atlequnte provi- 
sion of s. to nn- watercourses to carry off the fiood-wjiter in connexion with 
^U the systems of water supply, and the somewhat uniiiue conditions of 
t«Upply, l>v which the water is t:onveyed by gravitation from reservoir to 
■Reservoir, have much to do with the observed quality of the water. 

Passing briefly in rev^iew the different systems of water supply, the 
fV#llowing points are to he noted : — 

JPiethorn System, — The water in Pietliurn Reservoir was found to 
'«© slightly acid» and to possess some p!u mho-solvent ability. This 
NU^iility fl{tpear8 to he derived from the Denshaw System of stipply, and 
^^rh^ps also from the moorland streams which enter the upper end of 
^he resei'voir. These streams drain moorland which is not very rich in 
t>^at, which does not alford exceptional opportunities for the stagnation 
oCthe min in the soil, and which is coveretl, for the most part, with an 
Active growth of graga. Nevertheless, it is not unlikely that these 
streams may contain acid water when the proportion of f*urface 
drainage water to spring water U largely increased, ami it is possible 
^tat the storm -watercourses may curry only the worst portion of this 
^vater to eompeuyjitiun, and that the purer, but a till acid watjer, may 
O<3ca8ionally be permitted to pass into the w^ater works supply, 

'Birference has already been made to a small but acid sui»ply of water, 
^iped to the reservoir from land carefully drained but somewiiat rich in 
l>eat. This water is probably loo sraull in amount to affect prejudicially 
^he hotly of water in Piethorn lleservoir. 

Denshaw System,— The water in New Year's Bridge ReseiToir WM 
^nly very sliglitly acid in reaction, and its action on lead was incon- 
%idv*rable. Dowry Reservoir, w*hich supplies the above, apiM*iired to 
trontain a moj-e acid water, the acidity prubably being derived I'rom 
Crook Gate, which in its turn is supplied from ReaLlycon Dean, tho 

V2 
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Btipply to the latter reservoir being from a moorland stream which 
drains land exceptionally peaty. Dowry Beck was neutral, byt it is 
tnore than probaMe that in storm time it contains an acid water, and it 
is jK>ssit*le that gome of this acid water gains an entrance into Dowry 
Heservoir, notwitlrs^andincr the provision of a storm-watercourse. A.^ 
sAmple of water obtained nt a later date from Dowry Beck in heavy flo 
was found to be verj- acid, and it acted on lead to a cemarkable extent. 
The neutral condition of Do^vry Beck on May 15th may l>e traced to 
the fact that almost all the water in it was derived from sprin;^ and 
very little from surface drainage. The precipitous slopes of the hilla 
along the lower jmrt of its course, and the rocky bed on which the water 
rails, probably tends to improve the quality of this supply even in flood 
time. It has been alre^idy remarked that the extensive denudation of - 
the sides of the valleys may bo beneflcial in the way of neutralising any' 
acid in the water. So far as could be seen, those of ils tributaries which 
w^ere found to be acid drain^Mi peaty land, and those which were neutral 
contained chiefly spring water. The extraordinary acidity of the water 
collected from onti of the depressions in the peat at or near the origin 
of Dowry Beck, appears to be due to the rain saturating and lying 
stagnant in peat ee^ral feet in thickness, and resting on clay 12 to 18 
inches in depth. On this portion of the gathering ground the laterat 
fall of the water is very slight, and since the peat rests on clay, thei^e is 
little op|K>rtunity afforded to the rainfall of sinking into the underlying 
rock. Hence the rain saturates the peat, accumulates in depressions, 
and escapes only by slow percolation in a lateral direction. Neverthe- 
less, it is to be noted that very little of this water appears to reach 
Dowry Beck, unless in storm time, 

Casiieskntt^ Si/stem > — The main streams supplying Upper Castleshaw 
Reservoir are pitched to the crest of the hill, and while thi^ 
arrangement limits the denudation of the hill sides and so probabl/ 
reduces the amount of peaty and solid matters entering the reservoir, it 
perhaps also prevents a certain amount of" neutralisation of the acid 
water hy contact with sand and rocky debris. However this may be, 
it is certain that Cndworth Beck is distinctly acid, and dissolves lead to 
a considerable extent. I's acidity appears to be derived from thft 
drainage of exevptiiumfly pcuty land. 

The wat^T in Upper Castlei^haw Keservoir, as might be expected, was 
also acid, and dissitlved lead to an appreciable extent. 

In conclusiuii, tht^ following points deserve consideration. The 
acidity of the various waters appeared to be tracealle to the more or 
less prolonged eoutjict of rain water with peat. This was especially 
obsen'ed on the upper and flatter portions of the gathering ground, 
where the {)eat was sevc^ral feet in thickness, and rested on clay, and 
where the fall was too slight to allow of efficient drainage. The neutral^ 
or nearly neutrnl^ conilition of some of the waters seemed to be due to 
the comjJtiriitive absentre of peaty water and the presence of spring 
water. Other ngeucies at work which might bo expected to control 
the acidity <f ihe wuiera gaming entrance to the reservoirs have been 
alrcMly alluded lo, e,g\^ the provisions of storm- w a terco arses, the flow 
of the water on rocky and san<ly beds, &c. 
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Oldham Corporation Waterworks. 
Table 18. — Chemical Results: 



Besoriptkm of 

the Sample of 

Water. 



Acidity. 



Seaetioii 

with 
Laemoid. 



In Terms 
of ex. 

^Na.CO, 

required to 
neatraliae 
100 ox. of 

the Water. 



Action on Lead (Results stated as Farts 

per 100,000). The action on Lead was tested 

by upward filtration through 60 ox. 

washed Lead Shot at the rate of 3 mins. 

• perSOcc 



Ist 
SO ex. 



2nd 
60C.C. 



8rd 
60 ex. 



4th 
60 ao. 



6th 
60 ox. 



ATerage 



10 



Aprfl leth, 18M. Pie- 
thorn Beserroir. 

Hm^ 16th. 1800. Pie. 
thorn Reserroir. 

April 16th. 18M. Tunnel 
exit from Denshaw 
Siystem. 

April 16th. 1806. Cud- 
worth Beck— near 
inlet to Upper Oastle- 
shaw Reserroir. 

April 17th. 1886. Upper 
Outleshaw Reservoir. 

May 16th. 1886. New 
Year's Bridge Reser- 



]£ur 16th. 1886. Dowry 
Beck— near iulet to 
Dowry Reservoir. 

Xsy 16th. 1886. Bog 
£tole about 1^460 feet 
above sea level and 
near origin of Dowry 
Beck. 

July Uth, 1896. Ready- 
con Dean Brook. In 
time of drought. 

August 3rd. 1896. Dowry 
Beck during heavy 
flood (1*02 inches of 
rain fell in li hours). 



Slightly 
add. 

Slightly 
acid. 

Trace acid 



Distinctly 
acid. 



Slightly 
add. 

Trace add 



Xeutral 



Very acid 



Neutral 



0-20 

0*20 

Trace add 

54 

0*21 
0*18 

Neutral 

2-20 

Neutral 



Very acid \ 1*32 



0-1 
0-1 

O'C 

0*1 
0*1 

0-0 

6*0 

0*0 
2-4 



0*4 
0-1 • 

0-8 

0*2 
0*1 

0*0 

8*0 

0-0 
3*2 



0*4 
0*2 



0-4 
0*2 



Traces. 



1*0 


1-0 


0*2 


0*3 


0*1 


0*1 


0*0 


0*0 


8*0 


10*0 


0-0 


0-0 


3-2 


(8-2 



0*4 
0-2 

1-2 

0-3 
0-1 

0*0 

10-0 

0-0 
3*2 



0*34 
0-16 

0*92 

0*22 
0*10 

0-00 

800 

000 
5*01 
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Sorvey No. 19. 
PRESTON CJOEPOEATION WATERWOBKS. '^ 

JSOUBCV OF THB WaTEB SuPPLT A77D GeNERAX DeSCBIPTIOE 
OF THB WaTKBWOBKS. 

The siippTy is obtained from moorland at Whitewell» abODfSO i 
from Preston. There are two systems of water supply; kiibwn 
Langden and Hareden Systems. 

Langden System. — ^The wat«ir from the River Langden is 
into fi screen chamber, about 530 feet above sea-level. Tbe~ 
contains 16 meshes (256 holes) to the square inch. The wmt|0r,.ii 
screening, is conveyed in a covered conduit to the measuraig baini^'. 
the Langden Valley. ■ ' i 

Hareden System, — A similar arrangement to the above eziflt^ i 
connexion with the Hareden Brook. 'Uie water from Hareden Broolt 
carried into a screen chamber, about 475 feet above sea-leveL Afti 
screening, the water is conveyed along a covered oonduit to d 
measuring basin above mentioned, where it joins the water from tl 
River Langden, after which it passes through the meaaming bfal 
along a covered conduit to Grimsargh Reservoirs. 

From Alston Reservoir the water passes into the Grimsaigli (Serrlo 
Reservoirs, three in number, and eventually tlirough 6ne screena oF I 
meshes (3,000 holes) to the square inch, and direct to the town* Tl 
whole of the water from the River Langden and Haredeif Brook is n 
available for waterworks purposes. The portion not used escapes aloi 
the natural course of the streams as compensation water. In stor 
time none of the water is allowed to enter the screen chambersi Mix 
turned down the stream by the servants of the Corporation. 

The following notes on Preston Corporation Waterworks are 
interest : — 

Level of Intake on Screen Chambers at Rivers Langden and 
Hareden, 

About 530 und 475 feet above sea-level respectively. 

Delivery oj Conduit Jrom River Langden and Hareden Brook. ' 
6\ nkillion gallons per day (maximum). 

Level of Grimsargh Service Reservoirs above Sea-Levei, 
234 feet. 

Capacity of Reservoirs, 

Alstx)n . - - 84,217,354 gallons. 

Grimsargh (3) - - - 59,173,000 „ 

Level of Screen Chamber at Grimsargh Service Reservoirs, 
222 feet above sea-level. 

Consumption, 
3^ million gallons per day (average). 
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Average Vearly Rainfall for lasi Five Years* 

Preston - - - - 3o * 86 iodies* 

Lftngdeo gathering ground - - 71*75 „ 
Hareden gatlieriug ground - - 73*33 ,t 

Drainage Area. 

Area of Laogdeii gathej log ground - 3,705 acres, 
„ Hareden „ „ - *J70 „ 

The following are the uioothly returns of the nimftdl on the L5^ngilt*n 
md Hareden gaiberiug gronnd for the first six months of 1896 :-^ 




LaDgili^ii Gttthering Har«Mlt;n Gathedag 
Ground. ' Ground. 







Inches. 


Iiiche*. 


JunsTX 


- 


6-50 


G'60 


Febniarv 


- 


6'75 


6-80 


M»rch 


. 


10-80 


lo-as 


April - 


. 


4*30 


4-35 


May - 


. 


0*80 


0-85 


Juoe 


^ 


Ail 


4*30 



Nutcs on the Charactert of ilie Gaihering Ground, 

The gathering ground is composed of moorland* The eitrface soil 
over most of the gathering ground is peiitj in character. Its ilepth 
Jftppeara to be greatest on the higher anil flutter portions of the gatheriu" 
I groimdi and least on the precipitous slopes of the liilJs. The vegetation 
* consists io: the mo.sL part of coar.-e gras.^, but portions, of the gathering 
ground nrc*. eovererl with heathen Tlie surface soil ret^ts on grit or shale 
[vhich in itn up[)er layers appear much disiiitegmted. On the slopes of 
E Hie hill the surface soil is so thin lltat in phices the underlying rock is 
visible, and has the appearance of sand beds. In jstorin time iiiueb of 
bthis snndjr nmtt^r m wa8h*?<l into the stre^ims. Nearly till the water 
idmining from this gatburiog ground lias a rapid fall, Possibly high up 
'on tho tlatter portions of the hills some op|>ortiinity may l3e aifor<leil 
to tjie water of i^tiiguating in the peat. The \vat«'r in Lan'nlen and 
Hnreil*n Brooks^ bh well us in the main tributary ^^trt^ani:*, run^ on rocky 
and S4indy beds, and for a eoiitiidcrahledbitaijce, before being collected for 
irater works purposes. 

Cofuliticns found io ejnU on the Gathering Ground on March lOth 

lS9i>. 

The niinfall previous io Mareb lOtb was above the average, and the 
stn^ms on the above date were rLinning fuller than is usunL The 
mouihly returns of the rainfall for the (ii-st six months of 189G ure given 
in an accom puny ing- table. Lacmoid solution was used to test the 
reaction of the various water.«. 

LangdiH St/sfem, — The witter after, passing through the screen 
chamber, and the water in Tiingden Stream was netitriijl in reaction. 
A number of small triluitary streams to Langden Stream were tested, A 
ftw of these were acid, antl appeareil lo contain ebiefly peaty water, tho 
Pest were neutral, and eontuined spring ivater, or, at h11 events, water 
'liot esseotially petty in cbjirticter. The water from these little tributaries 
^^ielding an acid reaction wns not sufficient to alter the react i'>n of the 
body of water in Langilen Bi'ook» 
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Hareden System. — The water, «fter Bcreeningy and the water in 
Hareden Brook, was neutral. None of the small streams supplying 
Hareden Brook that were tested gave an acid rOMStion. 

It is to be noted that a wat^r which does not give a distinctly acid 
reaction with lacmoid will not 'dissolve lead to any approciable extent 
under the conditions of experiment in the laboratory. Judged by 
this standard, the water from Langden and Hareden Systems may be 
regarded as free from pkimbo-solvent ability. 

Samples of water were collected for more detailed examination from 
Langden Stream, and an acid and peaty feeder supplying Langden Stream. 
Subsequenly a sample of water from Alston Reservoir and from tbe main 
supplying Preston was obtained and submitted to examination. The 
results are given in an accompanying table. It is to be noted that the 
only water which possessed an acid reaction and plumbo-solvent ability 
was the peaty water from a small tributary stream to Langden Brook. 

Remarks on the Results yielded by the Chemical Examination of the 
Waters in reference to the observed Characters of the Crothering 
Crround, 

Preston and Blackburn gathering grounds adjoin each other, and the 
character of the ground and mode of obtaining the water supply is nearly 
the some in each case. 

As explaining the neutral condition and freedom from action on lead of 
ahe water supplied to Preston — notwithstanding its moorland origin— 
the foUoiK'ing points are to be noted. The bearing of these points on 
the quality of the water supply is discussed in the description of Mock- 
burn Corporation Waterworks. The exclusion of storm water from the 
waterworks, the provision of screen chambers, the flow of the water for 
considerable distances along rocky and sandy beds, the precipitous 
jBlopes allowing of a rapid flow of water and efficient drainage of the soil, 
the comparative absence of peaty and boggy land, the shallowness of the 
peat beds, the active growth of vegetation, and the small proportion of 
peaty water to spring water or water not peaty in character. 



Preston Cobporation Waterworks. 
Table 19. — Chemical and Bacteriological Results^ 





Deicription of 

the Sample of 

Water. 


Acidity. 


Action on Iiead CResnlts slated as 


Parts 




^ 


Reaction 

with 
Lacmoid. 


In Terms 
of c.c. 

j"oNa.CO. 

required to 
neutralise 
100 c.c. of 
the Water. 


per 100,000). The action on Lead was tested 

washed Lead Shot at the rate of 3 mina. 
per 60 c.c. 


Nnmbe 

MinroOrs 

inlccc 

watff 


1 


1st 
50 CO. 


2nd 
60 0.0. 


8rd 
Oc.c. 


4th 
60 cc. 


6th 
50 CO. 


Average. 




1 

8 
S 

4 


11th March 189B. 
Langden Stream 
water before entering 
screen chamber. 

Uth Maitih 1890. small 
peat feeder to 
Langden Stream. 

17th March 1896, water 

▼olp, near outlet. 

16th July 1896. Preston 
main water. 


Neutral 

Acid 
Neutral 
Neutral 


Neutral 

0-S6 
Neutral 
Neutral 


0-0 

0i> 
c-u 


0-0 

0-4 
00 

0-0 

• 


00 

0-6 
00 
00 


0-0 

o-« 

0-0 
0-0 


00 

0-5 
0-0 
0-0 


0*48 

0-0 

0-0 


til 

The plate 
crowded t 
of the c 
being eoni 
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Surref Ko. 80. 
BOCHDAlfi COftFOEi^nO^r WATERWORKS. 



SOCBCK or THE WaT 



Otf IPWAv.^TfaeR are tvo 
id Oie coinie tek» hj tte vMe 



WAXtanroBsm. 



WTtkiii m 






here also cnten Aa w^ter frvoi m cttc^vater drsm wliie^ laJidcts mtor 
ntm s lv]gie iMMffUBa are^ Tbe viitir iwnes otmi RrevBlifMi^c WIhudi 
into Hamer Pacntre Beserreir, aad ii oon^Bjied firooi Umdcb hj m o^gla 
maiQ to tlie lovn of Rodi&de. T^ere are m filter bed^ but llie wmtar 
in Haoer Pasture R cag rr oir la treated witli fime bj means of boats» 
the Ixzae (whitiag — aboal 1 gr. to 1 galkxi) beiag t&rowa with aooopa 
oa the sor&ca of the wmler, Sotxm dtstaikoe &oib Brownhoosa Wham 
Reserroir there is a 40-jards miae (Cartridge Xook Collienr). The 
water diaining fraai this area aied to reach the waterworks,* hot now 
b whoU J rejected, as it was f omxl that it crnitaimiMtfed the supply to a 
■enoas extent. No arrmngemeDLs exist for preta Bti ng storm 'water 
from entering the reeenxiir. 

Aeir IFbrJb, — Here there are two separate systems of water supply, 

Cottm System. — Cowm Beserroir receives its supply chicflj firom 
Cowm Brook, a moon tain stream draining a large area of moorland* 
The water from Cowm Beserfoir is filtered through sand, and enough 
whiting is added to the water in the filter beds to cover the sand with a 
thin coating of lime, Ailer filtration the water is carried in a single 
main to the town of 'Rochdale. 

No arrangements exist for preventing storm water from entering 
Cowm Beserroir. 

Spring 3fill S^fitem, — The chief supply to Spring Mill Reservoir 
la Prickshaw Brook, which drains a considerable ti-act of moorlands 
A small mountain stream also enters the reservoir on the west side. 
The water id filtered through sand and whiting as at Cowm Reservoir, 
After filtration the water is carried in a siagle main to the town of 
Rochdale. No arrangements exist for excluding storm water from 
Spring Mill Reservoir. 

The pipes from the Hamer Pasture* Spring Mill, nnd Cowm 
Reservoirs are connected together so that the water supply can be 
afforded either separately or in conjunction, as circumatances require. 

The following notes on Rochdale Corporation Waterworks are of 
interest : — 

RainfalL 

Average yearly rainfall in Rochdale, 42 inches. 

,» „ „ on gathering ground, 49 inches. 



174 



AreOy Depihj and Capacity (^ Reservoirs. 



Area. 



I>tpth. 



Capadtj. 



Cowm Beserroir, 40 acres 
SpriDg Mill Resenroir, S4 acres - 
Brewnhouse Wfaam Besenroir, -1 1 acres 
Hamer Pastare Kesenroir, 9 acres 



5 1 ft. 228,000,000 gallons. 

46rt. j 1S4,000,000 n 

26ft. I 47.000.00(1 \, 

58ft. ] 72,000,000 ^ 



Drainage Area. 
Old Works.— 500 acres. 

N^«w Work* — / ^^^^ sjsteoi, 960 acres, 
new woriw. -^ g^^^ j^jj sjatem, 560 acres. 

Consumption of Water. 
2,000,000 gallons (lailj. 





RainfaUfrom February \H to March Srd^ 1896. 


Date. 


Baio&ll, 
in inches. 


Date. 


Rainfall, 
in inches. 




1896. 




1896. 




February 1 


— 


February 17 - 


— 


99 


2 


0-025 


n 18 - - 


- — 


>« 


3 


— 


• ff 19 - - 


— 


>» 


4 - - 


.~ 


,. 20 - 


0'055 . 


tf 


5 - 


0020 


,. 21 . 


0-255 


,f 


6 


0-020 


t. 22 - - 


0-395 ^ 


» 


7 - - 


0-035 


„ 23 


— 


)f 


8 - 


0-120 


„ 24 . - 


-r. 


» 


9 


0140 


„ 25 - 





ft 


10 - 


— 


.. 26 . 





)T 


11 


— 


„ 27 - 





t> 


12 - - 


— 


,.28 ... 


0-260 .^ 


if 


13 


0-255 


,.29 


0-300 


tf 


14 




March I 


0-885 


%f 


is- 


— 


„ 2 - . - 


0-200 : 


If 


le 


-"• 


..3 


0-460 



Notes on the CJuiraeter of the Gathering Groundi 

The gatheriog ground is composed of moorland, and nearly the 
whole of it is covered with grass. The soil is only partially peaty, and is 
thin and well drained. The underlying rock is chiefly millstone grit. 
The slopes of the hills are precipitous, and the moorland streams run 
for the most part on rocky and sandy beds, and for considerable 
distances before being collectetl for waterworks puiposes; On the 
higher and flatter portions of the gatherinsr ground, the soil appears to 
be more peaty and deeper, and it is. possible that here the rainfall may 
have exceptional opportunities for stagnating in the soil. As regards 
the proportion of spring water to .surface-drainage water, nil Ls.t6be 
noted that a considerable amount of the total yield of water in ordinary 



175 



oooditioiis of rainfall zippeara to hive passed through the soil and 
become altered bj its passage through or over the undedyiog !t>ck* 
There are several stone and eoal qaarrieg on tJiis gathering ^ronnd. The 
water draining from at least one of these workingj* is of very bad cinality » 
and here the rock (eoal) is rich in iron pyrites. It is pos^iUe that IrOa 
pyrites may he present in the rock elsewhere on the gathering ground, 
and that water equally bad in quality may drain from such areas* 

Comparing the different systems of waterworks supply, tlie following 
pointfl are to be noted. There appears to be less peat on thtt gathering 
ground of the Spring Mill system than on the arejis drained by U*^ 
Cowm system, or the old works. Nowhere, however, is the peat as 
abundant m might be expected in the case of a moorland gniheriiig 
groand. The drainage area of the old works parhap:^ oSTers tho gre-atest 
opportunity for stagnation of the rainfall in the soil. Cowm and 
Prick&baw Brooks, the main sources of supply to the new works, are of 
the nature of mountain streams* running oo rocky and sandy beds, 
and with a very rapid fall of water from their respective drainage 
areas* 

Conditions found to exist on the Gathering Ground on 
March 3rd, 1896. 

On March 3rdj 189C*, the streams on the gathering ground were 
rnnning fuller tlmu normitl. The daily rain full from February l«t to 
March 3nl, 1896, is givi^n in an accompanying tabl'?. 
- An alcoholic solution of lacmoid was used to test the reaction of the 
yarions waters. 

Did JForks. 

The two small moorland streams entering the nppcr end of 
Brownhou.se Wham Reservoir were acid in reaction. The water in 
tho catch-wafer drain, which collects water fiom a large area of 
moorland, was ako acid. Formerly the drainage from the ueighhniir* 
hood of a 40-yfirds coul working entered this supply. This water is 
now rejected, ns it was fouud to he extremely acid, and to contaminate 
the supply. Certain interesting facts in couucxion with this water, as 
well as experiments with water iiltered through the rcH-k (coal, rich in 
ii-on pyrit*^s) oblahied from the quarry are detjiilcd elsewhere. Tho 
water in Brownliouse Wlmm Reservoir was acid» and it was al-^o turbid 
and discoloured. The water in llatner Pasture IJeservoir — no doubt as 
« result of the lime treatment — was clear and neutral in reaction. 



AVtr JVcrks. 

Spring Miif Sf/siem,—The main source of supply is from Pi^ickslmw 
Brook, and this water» as well as the water in *S|)ring Mill Iteserroir, 
was found to be neutnd. A small beck entering tho west side of the 
reservoir wa^ j»cid, nnd when traced upwards towards its sonrce* 
divided into two j'malk'i" streams, one of which was found to bo acid and 
the other neutral iu reaciion. The water before and after filtration was 
neutnd. 

Cown^ System, — Cowm Brook and Cowm Reservoir were both acid, 

but the water after iiltrnlion was neutral in rcHction, 

Sarnples of water w^ere coUfH;ted for more deuu led examination from 
Spring Mill, Cowm, Browuhou.!^e Whim, and Hamer rasiurelleservoirs. 
The resuU of the exiiminution of these waters is given in an aecora- 
|)flDying table. It is to be noted that the water from Spring Mill 
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Henerroir was procLtcally neutral And free from plambo-solvent abilitj, 
and that the water from Cowm and Brownhouse Wham were acid and 
acted distinctly on Ipjid. Hamer Pasture Ileservoir water was neutral 
and free from pi am bo-sol veut ability. As regards the waters tested on 
the gathering ground, but not submitted to detailed examination, it is 
to bo noted tlmt when a water gives a distinctly acid reaction with 
lflcmoid» it will dissolve lead, but when it gives a neutral reaction, or — 
at all event!! — ^not a distinctly acid reaction with lacraoid, it will not 
dissolve Itiad to any appreciable extent under laboratory conditions of 
experiment. 



Remarks on the Remits yielded by the Chemical Examination of the 
Waters in reference to the observed Characters of the Gathering 
Chound. 

It is to be noted that the genera! characters of this gathering ground 
are not of such a nature as might be expected to yield au acid water. 
Thus the beds of peat are not extensive either in depth or superficial 
area; the soil, which supports a luxuriant growth of rough pasture 
grass, is only partially peaty in character, the proportion of spring 
water or wjiter not peaty to peaty water is considerable, and but little 
opportunity exists for stagnation of the rain in the surface soil. It is 
important, therefore, to inquire somewhiit closely into the cause of the 
acidity of the vanous waters examined. 

Old Works. — Here, perhaps, more thau anywhere else on the gathering 

ground, opportunity is atforded to the rainfall of stagnating in the 
surface soil bt^tbre being coDeeted for waterworks purposes. Reference 
has already been made to a very acid water which naturally drains into 
this supply, but is no%v rejected. From the result of certain experi- 
ments detailed elsewhere, the acidity of this water appears to be due to 
the oxidation of iron pyrites which i^ present io large proportion in 
the rock (imjx^rfect coal). Filtration experiments through rock rich 
in this syb.^tnnce, and collected from the qnarry, yielded striking results. 
In brief, neutral distilled water after filtration through the rock became 
extremely acid, and when sufficiently diluted with neutral distilled 
water dissf>lved lead to a very marked extent. The following equation 
may be taken as representing t!ie action :— 

FeSg + HaO + 70= FeSo^ + Hj S04. 

It is possible that, notwithstanding the careful selection of water 
exercised by the wj^erworks officials, some water which has passed 
through rock similarly rich in iron pyrites may enter the supply. It is 
certain that a very small quantity of this acid water would contaminate 
a large by Ik of water. 

On most gathering grounds I his question does not assume the impor- 
tance arising in this case, because, as a rule, the strata which might be 
Bu spec ted to contain iron pyrites crop out lower down than tha lowest 
level of '* intake ** for waterworks purposes* 

New Works, 

Spring Mill System. — With the exception of the small moorland 
stream entering the w<*st side of the reservoir the water was all neutral 
The explauaiion seems to be that the conditions already alluded to, 
which favour a netiiral state of water draining from moorland, are her« 
at their best. Thus, among other things, there appears to be a large 
proportion of spring water and not much peaty water; the slope of the 
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hillj dmming water to Prickshaw Brook are precipitous, the water iri 
Prickshaw Brook rtrns for a considerable distance along a rocky and 
sandj bed, &<** As regards the small moorland streiim which, when 
traoed upwards toward its source was found to divide into two smaller 
streamSy the one neutral and the other acid, it is to be noted that the 
bitter contained more peaty water than the former, and drained land 
where greater opportunity existed for stagnation of the water in the soiU 
The fact of the water in the reservoir being neutral points to the 
probability of Prickshaw Brook having, not only on March 3rd, but 
always, a similar reaction. 

Cowm St^stem. — Here the water in Cowm Brook and Cowm Reservoir 
was acid, and althnugh Cowm Brook drains moorland having less of 
the conditions favouring a neutral state of the water draining from it 
than existed in the ease of Pnckshaw stream, yet the characters of lis 
drainage area do not appear to be such as might be expected to yield 
a distinctly acid water. Possibly, as was suspected in the case of the 
eld works, some water reaches this supply which has become cootami- 
nated by contact with rock rich in iron pyrites. The acidity of the 
^water in the reservoir does not neces«arily imply that Cowm Brook is 
always acid; it maybe that in time of drought it is neutral, and in 
flood time more acid than the body of water in Cowm Reservoir. 

In conclusion, it is to be noted that watercourses are not provided 
for dealing with storm water. It is probable that the quality, as regards 
acidity and plumbo-solvent ability, of the water in Browuhouse Wham 
and Cowm Reservoirs might be improved by the exclusion of flood 
ifc-ater, 

RooHDALE Corporation WAXEllivoRKa. 
Taule 20. — Chemical Result »^ 
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Survey No. 2L 
SHEFTIELD CORPOEATIOI? WATEEWOBE 

• SOUBCE OF 'THE WATER SUPPLY ANO GeNKRAX D68C*!V 

THE 'Waterworks. 

Tte ' water supply of the Sheffield Corporation is d^r 
moorland gathering grounds, situate some Hve to eight mil 
Sheffield, ^.rho high level supply is obtained from gatlierii: 
4it fiedmireSy and the low level fVom gathering grounds 
immediately to the north of the high level supply in the upla 
of the Rivers Bivelin and Lozley, both tributaries of liie S^ 

High Level Supply. — ^There are three reservoirs on this 
ground, and the course taken by the water is as follows 
Redmires Reservoir is supplied with water from Oaken Cloug 
which extends for a distance of about two miles, drains a lar^ 
moorland, and begins in a mountain stream known as Oake 
*A calch water extends along the west bank of the reserv> 
connected with the Oaken Clough Conduit at the north, . 
Fairthorn Clough at the south end of the reservoir. It recei 
fi'om a number of small streams draining from moorland. T 
from Oaken Clough Conduit, Fairthorn Clough, and the catcb\ 
the only sources of supply to this reservoir. Aliddle Redmires 
is supplied with water from Upper Redmires. *A small Cf. 
extends along the south-west side of the reservoir, and coUec: 
niost part storm water draining from the adjacent moorland. 
Redmires Reservoir is supplied with water from Middle Redn. 
small mountain stream, known as Wyming Brook, enters the s- 
of the reservoir, and it dfains moorland near White Stones. 

The gradual passage of the water from Upper to Middle, a< 
Middle to Lower Redmires, allows the peaty matter to subs 
punfies the water to a considerable extent. 

From Lower Reilmires the water can be sent down the ^ 
Brook to l^ivelin, or carried to a chamber where it is treatt 
Carbonate of lime (whiting), by means of an ingenious avraugemeu 
works automatically, and which thoroughly mixes the water a 
together. Rjitlier more lime is added to the wiit^r than it is ca| 
dissolving, about two grains to the gallon. From the chaml> 
treated water carrying an excess of lime in suspension, is convey* 
distance of several miles in a cliannel made for the purpose to H 
service Ri'Sijrvoir, for distribution in the borough. In its passag* 
this channel the water becomes less and less milky, until at last 
reaching Iladticld Ke^ervoir all the lime is either in solution 
ilepositcd. 

Low Level Sifpj)lt/. — This supply is be.ot described undt 
headings. 

Rivelin System. — There are two reservoirs on tliis gathering g 
Upper and Lower Rivelin. The Upper l^eservoiris supplied witi 
from Rivelin Brook, which drains a very large are^i of moorland. 
Lower Reservoir is supplied chiefly from the uj)|>er, and it also rec 
certain amount of water from Wyming Ijrook. The water frc 
Rivelin Reservoirs is pijXMl to a depositing pond where it mixes w 
water from A Han Sikc, and is given out as compensation water, 
water from the tunnel from Loxley Watershed, can be taken ii 

♦ The watenvorks engineer Kupplics a note to tin- circi-t that these catc 
were !iiade under circui letauces which no longer ohtain. lt<97. 
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depositing poncl, or with that from the Upper and Lower Reservoirs into 
the gauge basio, from thence it is conveyed in a conduit to Croolt'a Moor 
service resecvoiw for distribution in tlie borough. The passage of the 
walUfr from Upper to Lower Rivelin^ und from Lower llivelin to the 
depositing pond allows of a considerable amount of subsidence of 
suspended matter, 

LoA'let/ System, — Their are four reservoirs on this gathenng ground| 
koowTi ns Strines, Dale Dike, Agdeo, and DamHask Heservoirsr Strines, 
Diile Dike, and Agdon waters are use<l for domestic use, and Dumtiask 
water for compensatioiK The eoui'^e of tlie water is fiom Strines to 
Dale Dike, and from Dale Dike to Dam flask. The wat*?r from Dale 
Dike is joined by the water from Agjim before entering Da mil ask 
Resrervoir. From Damtlask, the water is supplied for compensation onlj. 
The water from Strines, Dale Dike, and Agdeu Rcservoiri* is also carried 
by means of a conduit ant! tunnel to the depositing pond at Rivelin. 
The chief source of supply to Strines ReseiToir is from Bents Ulough, 
Pears House Ctougb, and Strines Brook, Agden Reservoir is supplied 
with water from Age! en water and Roe her Brook. Dam flask receives 
llie water from Ugh ill Brook, as well as the overflow waters from Dale 
Dike and Agden. Dale Dike, ris has been already in^licated, receives 
its supply J'rom Strines Reservoir and its own gathering ground. 

The water from this (low level) ^st^m of water supply is not treated 
in any way, 

Ko special arrangements appear to exist, in connection with the high 
and low level systems, for excluding storm water from the waterworks. 
Mr. Marsh, I lie wat it works engineer, however, remarks that the waters 
frotG difi'iTcnt sources can, ifdesire<l, be taken or If ft at the discretion 
of the waterworks mannger, and he takes oceasioQ to note at the same 
time ilie purpose for which, in his view, the storuge reservoirs bavo 
been cousiructed :— ** Tlie purpoi^c for which properly designed storage 
" reservoirs are constructed, viz., to store water gathered in times of 
" flood in order to distrilmte it over periods of drought j otherwise 
'* such costly works wouhl he unnecessary, and it would be sufHcient lo 
** pipe Ihe streams to the localities requiring a supply.'* It is to be 
rej^reiled that the above is only l(X> true in the ease ot* many moorland 
Mater-ftupplies ; that not only is the *' dry weather flow/' wliich is 
ittually neutral, and free from at'tion on lead, taken for waterworks 
purpose^?, but that "storm water,** which is usually ptaty, aciil, and 
possessed of plumho-solvent tdMlity, is commonly utilised n^ well. 
The disadvantage of ibis practice may be illustrated, thus: — li the 
^valer friini the supply streams lo the Redmires Reservoirs were allowed 
tu enter tite waterworks only under ordimiry conditions of rainfall, the 
wwlcr stored in these reservoira would, in all probability, remain neutral, 
iusteaj of being acid — as was found to be the e»se on June 14th, 
I8y5. 

The following notes on Sheffield Corporation Waterworks are of 
iuterest : — 



RninfalL 

'Average yearly rainfall in Sheffield 

,, „ ,, • on gath^-ring ground 

on l!ic high luvt I - 
on g ithering ground 






01) the low Irvcl 



:1 



Tirese data 

could not be 

obtjiined. 
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Capacity, tfc., of Storage Jtetervoirt. 



Name. 


Area, 

in 
Acres. 


Top Water 

Level, in 

Feet. 


Depth, 

in 
Feet. 


• 

Capacity, in 
Gallons. 


Upper Redmires 


56 


About 1,150 


43 


843,000,000 


Middle „ - - . 


48 


-- 


36 


187,500,000 


Lower „ - - 


28| 


— 


29 


139,500,000 


Upper Itivelin - - - 


10} 


Aboat 700 


y 


48,500,000 


Lower „ - - 


89^ 


— 


175,000,000 


DepoutiDg pond - - » 


4 


— 


15 


8,000,000 


Agden- 


62i 


Abont 650 


90 


629,000,000 


Strines - - - . - 


64: 


„ 800 


67 


518,000,000 


Dale Dike 


62 


« 700 


67 


486,000,000 


Damflask - • - 


ll5i 


„ 500 


85 


1,158,000,000 



Drainage Areas, 

Bedmires, Upper 1 

„ Middle V 2,108 acres. 

„ Lower J 
Bivelin, Upper -i 

„ Lower - ^2,870 „ 
DepositiDg pond - J 
Agden - - 2,990 
Strine« - - 2,890 

Dale Dike - - 1,089 
Damflask - - 3,747 



n 



15,703 



r Total drainage area of exuting 
'* \ works. 



Consumption of water. — About 7^ million gallons daily. 

Daily Rainfall on High and Low Level Gathering Chmmds from 
lith Mag 1895 to 14/A June 1895, inclusive, and Weekly RatnfaU 
over the same period at Dale Dike Reservoir : — 



Date. 


Bedmires. 


Bivelm. 


Date. 


Redmires. 


Biyelin. 


1895. 


Inches. 


Inches. 


1895. 


Inches. 


Inches. 


May 14th - 


— 


— 


May 30th - 


•090 


•110 


„ 15th- 


— 


* — 


„ 8l8t 


— 


^. 


„ 16th - 


— 


— 


Jane l8t - 


•180 


•170 


„ 17th- 


•130 


•115 


„ 2nd 


•070 


•160 


„ 18th - - 





.~ 


„ 3rd - 


•005 




„ 19th- 


•005 


— 


„ 4th 


•015 


•005 


„ 20th - - 


•040 


•040 


„ 5th - 


— 


._ 


„ 2l8t- 


•065 


•080 


„ 6th 


_ 


_ 


„ 22nd - 


._ 


— . 


„ 7th - . 





.. 


„ 23rd- 


-005 


•005 


„ 8th 


— 


.i. 


„ 24th - . - 


•160 


•415 


„ 9th . - 





... 


„ 25th- 


•120 


•050 


„ 10th 


..~ 


.. 


„ 26th - 


^. 


— 


„ nth - 


•160 


•140 


„ 27th- 


.— 


... 


„ 12th 


•005 


•055 


„ 28th - - 


— 


i~ 


„ 13th - - 


— 


... 


„ 29th. 




~^ 


., 14th 


■■" 


•010 
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^K Dale Dike Reservoir, 






For the year 189 J. 






. ending May 18th 

„ 25th * • . 
1, June 1st 

fl n ?*^Il • 
ff n I5t!l 


•16 
25 

■17 


inches. 

IV 

ft 



A^o^e^ ot» the Characters of the Gathering Gronndi, 

High Level Suppit/. — The gatheriog grourid is composed ectirely of 
moormnd. Feat i^ nbuodant everywhere on the collecting ground, and 
it varies in thick nesa from 1 to 6 feef, or even more in certain 
places. The vpgetaiion cottsists chiefly of heather and moss, and in a 
few places rough pasture giiisa ia to be found. Shale and milbtone j^rit 
underlie the surface soih The «lopcs of tlie hills near the re.sefvoirs 
are fnirly steep, but higher up on the collecting ground the gruiind is 
Quich Matter, and here the peat is moat abundant and aitatus to lis 
gi-entest thick ness. 

The draiiuige from the soil in the neigh ho urhood of the reserve ijs is 
more or Jees jsatiafin^tory, hut on the upper portion? of the draiiins^e area 
the conditions are much leas fiivourable, and here the water sta-gnatea in 
the pe4it, forming peat and bog hole.^, and marshy (jlaces. I'ho diy 
veather flow in the streams is Fmall in amount, there heiug but few 
liillside spring!*. On the other hand, the How during f^toruits is very 
great, and cuntiists chiefly of peaty water derived from t^urface 
drainage. 

Low Level Supply. — The gathering ground of the low level supply 
differs in certain respects from the high level, but the difference ia one 
^f degree rather than oF kind. Thus the peat is far h^ss ahtindant 
Buperficially and in depth, the dniiuoge from the soil h mare rapid, and 
^here are but few places where the water can stagnate in peaty soil ; 
the slopes of the hills are more abrupt^ and the water drains more 
j-apidly into the waterworks, and the spring water is greater, and the 
peatv water less in amount in the low as oni pared with the high level 
tmpply. It is to lie noied al.40that the streams on this collecting grotmd 
^-ijii on rocky ond sandy beds for a considerable distance before being 
«^olle/ted for waterworks purposes, and, in many instances, they are 
liordi^red by plnn tat ions of trees. Lastly, the soil in many places eon- 
tains very little peat, and there are krge portions of the gsithering 
ground eoveied with the growth of grass. 



Conditions found to exist on the GatheHng Ground on titc l-ith and 
IfithJiine 1895, 

It is to be noted from the acconrpjinying tabie that I he rainfall 
5)re\ioua to the above dales was much below the average. The utreamp, 
ia consequence, contained chiefly spring water and very little water 
derived from surface dndnage. 

Laemoid was used U) test the reaction of the various wat<Ts. Judging 
\y lal>oratory experiments a water which gives a neutral reaction with 
laemoid has little or no pinmho-solvent ability, but a water which givej 
mn acid reaction will dissolve lead to an ei^teiit depending on the amount 
^f the acidity. 

High Level Suppip. ^The water in Upper, Middle, nnd Lower 
^fdmires Reservoirs wa^ tested at various poinU^, and waa founrl to ht 
E 8H578. X 
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disLinctiT acid. Oaken dough Conduit conlamed neutral water. The 
water m Vmrthorn Clough was neutral, but on being traced upwards, 
one tif its chief tributaricfi was found to be decidedly »cicl, Th« waters 
in the caleb waters in connexion with Upper and Middhi Redmires wae 
neutral, and the small stream giippl) ing Lower Kedmiros had a similar 
reaction. 1'he RediiJres water was te«*ted just Ijefore entering the 
treatment chamber and it was found to be distinctly acid. The treated 
water was tested after it had run for some considerable distance along 
the chanoel leading to Hadfield lleservoir, and it was neutral in 
reaction. The water in Had field wfis neutral and of a clear blue colour, 
whereas the water frora Redmires before entering the treatment 
chamber was of a dirty peaty colour. 

Low Level Supply. — BireUn Sr/stmi, Upper and Lower Rivelin 
Reservoirs contained neutral water. Rivehn Brook, Wjming Brook, 
and Allan^yke water were all neutral. The water issuing from the 
tunnel from the Loxley watershed had a similar reaction, 

Lojrht/ Si/stem, — All the waters that were tested on this gathering 
ground gave a neutral reaction with lacmoid, viz. : — Strines, Dale Dike, 
Agden, and Daraflask Reservoirs, Bents, and Pears House C loughs, 
Strines Brook, Agden water, irghill Brook, and Ilocher water. 

Samples of water were collected for f«pecial examination from the 
fol lowing fiourcei? : — Strines Reservoir at outlet, Loxley water at 
tunnel exit, Agden Reservoir, Redmires water immediately before 
** treatment " with lime, Hadfield Resevoir after treatment with 
lirae, and L'pper Redraircs ReseiToir. Previotisly, samples of water 
had Iteon obtained from the high and low f^emces, as supplietl 
to the consumers in ShelBeld. 'Iho results of the examination of 
these waters, which are shown in an uccompanying table, may be 
briefly deflcrihcd as follows : — All the waters were neutral ami free from 
action on lead with the exception of the Red mires water* It is to he 
nottxi tliat the water from LTpper Redinires Reservoir was more acid 
and acted more strongly on lejid than (practieidly) the same water after 
it had passed through Middlp and Low^er Redmires Reservoirp. Water 
entering Upper Redmires would prolmbly tnke some weeks or even 
months to reach the outlet at Lower Redmires, and it is possible that 
the mere storage of the water, apart from any otlier influence, may have 
reduced the amount of the acidity This would correspond with certain 
laboratory experiments in which, when acid moorland waters were kept 
for some time in unstoppered bottles, a decrease in acidity was usually 
noticed. 

As regards the hardness of the various waters, it is to be noted that 
after treatment with lime the Redmirea water was materially hardened. 
I ike most water supplies obtained from moorland sources, all the waters 
were very soft. 



Rtmarki on the IlentlU yieldrd by ike Chemical Examination cf the 
Waters in reference to the Observed Characters of the Gathering 
Ground A. 

High Level Supply, ^Th^ question nnturallj arises as to why Red- 
mires was acid when all tht inlet f^tretms to the reservoirs were neutral. 
The acidity of the water in the Refhiiii^eB Reservoirs is only to 
be expected Iron) the characters of tlie drainage area which have 
bren uln-ady described. Tlie neutral condition of the ** inlet'* streams on 
the 1 1th June Poems tobo tnicealile to ihe fact that, prior to this date, the 
rainfall was much below the average, and the water draining into the water- 
works was chiefly from spi'inga and only to an inconsiderabld extent from 
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the dnioage ot peMy soil. From the nature nf the gatliering mand 
it is in the highest dt'^ce probalile that Fairthorn Clougb, Oakea Clou^ 
Conduit, and the catchwater drains normally fiiipplv the RedmiresResw- 
Toire with icid water. At Dr. HoustoTi*s suggestion Mr, Marsh^ — then 
the afsistant waterworks engineer— kindly tested Oaken Clongh nnder 
ordinary conditions of rainfall and with the result that the water was 
found to he acid. 

It ma J be assumed, with a jfreat araount of probability, that tht 
Redmirei Ileser\-oira are supplied with neutral water (chiefly from 
ppringj*) daring the dry weather flow of the supply streams, and with 
acid water (chiefly from the surraco drainage of peat) during stormy 
and ereo, perhaps, during ordinary conditions of the niinfalK It has 
already been shown that the acid and peat-coloured BedmirM water 
after treatment with limo was changed into a neutral water of a dear 
blue colour. 

Lmc Level Suppi^.^The marked points of difference between th^ 
cliaracters of the high, as compared with the low level giUhering groundi 
miglit lead to the supposition that the wftt«r dminirtg from the ctdK^cting 
pronnds would likewise show some qualitative difference. And this was 
found to be the case, for whereas the high level supply yielded an acid 
water, the low level supply was found to be neutral. The neutral 
condition of the low level supply appears to he no clianct condition 
dependent on di-ought, for the reservoirs, without exception, con- 
tained neutral water, and from the characters of the di*ainage areas 
it )s unlikely that the supply streams are ever acid even under 
wttraordinary conditions of the rainfftll. 

Xhn<», it appears that the chemical results correspond Tery closely 
with the ohserved characters of the gathering grounds. 

Sheffield CoKroiiATioN Waterworks, 
Table 21. —Chemical ResulU, 



Jhmipt\an ot tlie S&mplfi 
of Wnt«F, 



Enaction 

Wltli 



Acidity 

jn Tarnis 

of c.c. 

* NmCOa 

requLrod to 
noutrnliM 
K« c.e, of 
iha Wat«r. 



Hitrdinesa 
pkttMpvr 



Action on Lmd (E^mtltt ulat^d m partt 

par IQOiOWiK Tho notiuei on Ijamd vni% to»le4 

h]r upward fJltmrion thrnuifh AOcx« 

vrmfhea Ltrnd Bhot at ttu^ rati» of Jl iitinSt 

per 50 0.0. 



Itt 

00 C.C. 



Snd 



•rd 

CO 0.49 . 



4tb 

BQ 0.0. 



I "iPPl^ from fumin io lihemeld. 

* l^Vt »Ut, IHX*. " Ijaw JjBVtil ** 
•^Pplj, from mnin in SheBkld. 

' j^**** I5th. Ifm. LoxW water lit 
■Jl^ati trit, naar depoittlng 

*/*2l? ^^'^' 1^'- "Outflow" 
**NPr from Strinca Beservolr. 

rSa ^**''* ^'^- A«f^<?« it««*r- 

I wwittnent" Hithlime. 

^'i'* IfWh, i«:>s. Rrdmires 
jrnlrt tkUcT " ircatm* tit " wiUi 
J^'^i";. HiittJl^te lukeii fpom 
'"dfluld lU'W^rvciir. 

i^tef ^^''- l****- ^^PP^r Bed. 



Noutr&l 


Neutral 


6'3 


©^0 





Nentnl 


Neutml 


4'8 


0*0 





Nentnl 


Neutral 


B*Gi 


0*0 


0^0 


NaatrmI 


Neutnl 


f-Oi 


0*0 


0*tt 


Noatml 


N^tnl 


S^7B 


0*1 


0'« 


Add 


0'21 


3-»2 


O'O 


01 


Nwitml 


Xeulral 


e*n 


D-0 


00 


Aoid 


D^M 


S-54 


0*1 


0*3 



0-0 



0-4 



0*4 



Atli 
HO re. 



Arcraj^, 



0*0 



O^B 



o*m 



0*S4 



n 2 
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Survey No. 22* 



SHIPLEY (eldwick:) wateeworks. 

SanECK OF THE Water Sdpplt akd GEXEKAt Description of 
THE Waterworks. 

llie water supply of SblpleT is obt&iDCtl from Bombald's Moor, about 
four roiles to the nor tb -oast of Shiplej. 

1 he water draining from Romh4*lJ*s Afoor is stored in Graincliflle and 
Eldwick Resei-voirs, The watt^r from Graincliffe is conveyed to Fantl 
filtfr beds, and from thence hy the high level conduit direct to the l»iph 
pjiita of the town of Shipley, The water from Eldwick 18 cairicd hy 
I he low level coi^diiit to the service reservoirs near Baildon, and from 
I hf nee to the low levels of ihe town. It ia not filtered before delivery, 
^fore in deiail, ihe armngements for tb© collection of water are as 
follows : — 

G ram cli fife Reservoir is situated at a height of 845 feet above i 
Itnel, and is Fupjdied with water fron* the ibllowing Rourcea : Gniinclitle ' 
stream drains a large area of coortaiid, and enters tlie reservoir at ita 
I3 0i1h-weglern extremity. Blackdyke strciinr drains a considerable Iraet 
of oorland to the north of the re servoir. This water when it reaches 
the reservoir is carried in a bye-channel to llip north-east angle of ihe 
reservoir. Here it mixes with the wattr from Weeeher Yhi and cao he 
turned into the reservoir or carried atcng the overflow channel to the 
] o w c r reser voir. Wee cher s tr ea m d ra i ns peat Inn tl h no w n as W eet I j er 
Flat, and the wator, after mixing with Blackdyke, can be tinned into ihe 
reservoir or carried down the overflow chanuil to the bed of Eldwick 
Beck, which leads to Eldwick Reset voir. The ** oiitlet " water from 
Graincliffe Eeticrvoir is piped to the filter bedt=, and it can also be sent 
down Eldwick Beck to the lower reservoir* The Graindiffe drainage 
aicii all lies immediately to the north of the reservoir, and Gramclilfe 
ct'lkcts the water draining from the west sklev Weeeher the water trom 
the ti>tt, and Blackdyke the water from the middle portion of the 
gathering grotmd. 

Eldwick Reservoir is situated at a height of 689 feet above sea level 
and is supplied with water from Eldwick Beck. Eldwick Beck ran 
i-eceive the water from Weeeher or the mixed water from Weeeher and 
Blackdyke, or the overflow from GraincliflTe Reservoir, or the outlet 
water from the higher reservoir* 

As has been already explained, the GrainclllFe water, after having 
been submitted to sand iiltratioe, is carried direct to the high levels of 
the town, whereas the Eldwick waler is carried witiiout filtration to the 
service reservoirs for the supply of the low -lying parts of Shipley* 

For some three or four years prior to 1897 whiting has been used to 
neutralise the acidity of the high level service. Before May 1895 the 
council nndertook the formation of bye-channels, so that after a period 
of tine weather the caretaker can divert the firi^t flu>h of foul water, aud 
lireveiit it from entering the waterworks. Tlie waterwi rks nuthoritits 
believe that this has materjally rtduced iLe amount oi acid water gaining 
access to the waterworks. 
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The following notes on Shipley (Eldwick) Waterworks are of 

Rainfaii. 

Average yearly rainfall in Shipley - - No gauge. 

„ „ „ on the gatboring ground 31*35 average for 

three years, 

Cupaciti/^ Sfr.^ of Graincltfft and Eldwick Reservoir9* 



^ame. 






Capacity, 



GtJlotii. 

99,5^1,000 

25,000.000 



Top Water 

Level, 



Depth, 



K«et, 
845 



33 



Area. 



Consumption of JVaier* 

»^ ^0,000 ^llons per day. 



1 ,248 acres. 



Drainage Area, 



llainfdl for the week ended September 8th, 1894 

•9 •* tt «1 'I'O «| 



I^feeMy Ma in fail on the Guthering Ground from September IH to 
October 27 ik, 1804, 



ft 


n 


II 


n 


jf 


II 


M 


n 


n 


if 


>t 


II 


If 


11 


n 



II 


22 


II 


II 


29 


If 


tobei 


r 6 


11 


II 


13 


II 


II 


20 


II 


>f 


27 


If 



iDchiat. 
0-55 
01 
38 
0-00 
0-16 
0*54 
0-34 
3-49 



Notei on the Characters of the Gathering Grounds 



The gathering ground is composed entirely of maorlurid. Feat 

Covers practically the whole of the drainage area, and varies in depth 

from 1 to 10 feet. Its average thickness over a considerable portion 

^f the collecting ground is from 2 to 4 feet. The peat re'^ta on a stiff 

»iiarl, and the rock iindprnciith is inilktone grit. Tht^ whole of the 

f:lrftinatre area is nearly flat, with a gentle slope from north to s*>ulh, 

mud the feeders — GraiDcliffe, Blackdyke, and Weechir — are of the 

nature of large peat drains fed laterally by rumberless Puialler ]>eat 

drains. A remarkable feature of thi* supply is that practically all the 

water reaching the waterworks from liombald*s Moor comes from the 

drnioage of peat, and none from springs. The spring water crops out 

lower down in the valley. The rain falling on the cojlecting ground 

saturates the peat^ accumulates* in hollows and depressions, and only 

• It ia onlj right to state thiit Mr. Rbodeii, clerk to tlie Shi|ili;y I^ocat Bo&rd, who 
bu bad ample opporttiailieB ot obseiritify the clitfmcters of the gnthcrini; groaDd 
aoder van ing ^r^omjldoui of tho weatbcri is of opuiioa that the wal^r di>es not ItrKlge 
Kfl above stated, except in isolated cases. 1 1 may here be remarked that Mr. RhodeA 
md tbe wuterworlt^ officiatfj have done the utmost in their power toward! facilitatiDg 
the work in connexion with the lead poisoning inquiry. 
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filowly escapes by Ifiteral percolatioo, the marl hindering the water 
fi'om escaping readily in a downward direction. It follows from the 
above that a large portion of the drainage area is of tlie nature of a 
huge flat peat apooge lying on a more or le8s impermeable bed. This 
spoDge holds an enormous body of water in its interstices. When a 
flood comea the water which has hiin in contact with the peat for days, 
or weekp, or monthH, i^ washed into the waterworks, and fre^h water 
takes Its place. There is very little pasture gra^s on this <;ollecting 
grouDdy in many places the soil is bare of vegetation, black peat 
atone showing on the sorfuce, and in other pdaces there ts an abtindant 
growth of httttther and bog mosa* It is only right to »tate that the 
waterworks authorities have endeavouretl to improve these unfavourable 
conditions. TUus rough limestone fiUera have been placed on the 
oourae of GraiiidiJfo strpum, and ditches have been cut in numerous 
places to facilitate the paistigo of the water into ihe main ^streams and 
to prevent the rain from t^tagnating in tho peat, and generally the 
attempt has been made to get the water in bulk into the reservoirs as 
toon as possible. 

It is to be noted that most of the feeders run on clay bottoms. Some 
authorities have held lh»it the acidity of moorland wnters disappearii in 
process of time owing to the feeders gradually washing away the surface 
soil and eventually runniiig on clay and rocky beds. It is evident that 
the above can only be true to a very limited extent in the cose of this 
water supply* 

In nearly all the feeders the banks ore of peat, and overhang, and 
in consequence largo quantities of peat are washed into and along the 
beds 9f the streams, and Anally into the reservoirs. 



Conditions found to exiMt on the Gathering Ground on October 26| 

1B94. 

The rainfall prior to tho above date is given in an accompanying 
table. It is to be noted that, owing to the preceding rains, the streams 
were running fuller than normaL 

Lucmoid was ui?ed to test the reaction of the various waters, and it 
is to be noted that under laboratory conditions of experiment, when 
a water gives a neutral reaction with this indicator, it will dissolve l»'»d 
to an extent depending on the amount of the acitlity, *rhe water in 
Groincliffe and EUlwick Reservoirs was found to be distirictly aoi<i The 
three st re urns draining Kombald*s Moor, viz,, Gx^ainclifle, Black dyke, 
and Weecher, were very acid. One of these — Weedier — was traced for 
a consideruble distance up its course^ and the water was letted at many 
points, and always found to be acid. Graincliffe and Blackdyke werw 
followed all the way up to their source in peaty and bo;?gy land. As 
regards Grainclifie, one very small ferruginuus stream ' was found 
entering it near its source. The rest of its feeders, seven in number^ 
drained peaty, boggy, and nmrhhy land, and they all yielded a highly 
acid water. Tli« source of the supply to Black dykij wiis also carefully 
investigated. Like Graincliffe, the water was acid along its eutii^ 
course, and only one miuyte stiiaui could be found supplying with 
newtral water. Eleven peat drains supplied it with acid water on the 
west fiide, and the same number of ibeders entered the east side, uH 
having a similar reaction. Besides the above, a large number of te^ts 
wtTC mnde of tlie \vater t^ti!s:natiMg in peaty, bog^^y, and mar^hy 
placet*, and the water dripping from the peat bordering ou and over- 
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hanging the feeders. In all cases the water was found to have a q acid 
reactioD, and the de^ee of aciditj appeared to be associated with the 
amount of contamination with peaty water. 

Samples of water were collected for more detailed examinatian from 
the following sources : GrainclifFe, Bkckdjke, and Weecher streami, and 
Eld wick Reservoir. The results are ^ven in an accompanying table, 
and may be briefly summarised as follows : All the waters were very 
acid, and acted strongly on lead, the reservoir water being least con- 
ipicuons in these respects. The waters were ** soft," but not so *' soft " 
as might be expected, considering their source. Experiments show that 
the more acid moorland waters are, the " harder " they are apt to be, and 
that neutralisation with sodium carbonate distinctly ** softens *' them. 

Samples of water were obtained nt reguUr intervals aad over il 
eonsiderable space of time from Eld wick Reservoir. The results are 
shown in a separate table, and will be discussed elsewhere. It may be 
stated here, however, that the results showed that the water was iiivariubly 
add, and possessed of great plumbo-solvent ability. 



Jtemarks on the EesulU yielded b^ the Chemical Ejcamination of tht 
Waters in referettce to the Observed Characters of the Gathering 
Ground, 

It is to be noted that the water in the storage reservoirs (Graincliffe 
and Eldwick), and in the feeders supplying these reservoirs (Oraiueliffe, 
Blackdyke, and Weecher), was found to be very acid. The expkiialion 
is to be sought for in the characters of the watershed, whicl* have been 
already described. Thus it has been shown that peat i^ very abumlant 
Buperficially and in depth, that there is very little :spriiig water and Vk 
large amount of peaty water, that the rain saturates the 6oil and lies 
stagnant in peaty and mossy pools and in marshy places, ami that the 
drainage from the soil is very slow, t*ic., <fec. The acidity and jdmubo- 
solvent ability of tbo various watei's is not to be regarded as a chaueo 
condition, depending on the rainfall prior to the date of visiting the 
gathering ground. In all probability Grulncliffe, Blackdyke, and Weecher 
always coniain an acid water, liecausc*, unlike mcsi moorland streams^ there 
is pinctically no **dry weather Ht>w " from hillside springs. It h almost 
certain that Graincliffe Reservoir is always acid, because samples uhtained 
periodically from Eldwick Reservoir, which is led from the siiiiie drainngu 
area, were always found to bo %'ery acid. 

It is important to note that not only were the main streams — GraincJiffej 
Blackdyke, and Weecher — ^acid, but that all the tributary feeders that 
were tested had a similar reaction, with the exception of an inconsider- 
able amount of water entering Grainclife and Blackdyke. These 
tributary feeders — 29 in number — were in many cases drains cut in the 
peat to carry away the rain water which saturuttxl the ycil and accnmukted 
in hollows and depressions, forming pc^t bogs and liwampa. 

The results of the inspection of the gathering ground, together with 
the chemical tests, eeem to show that acidity la to be associated with 
drainage from peat, and that the decree of acidity is to be associated 
with the amount of contamination with peaty water. 
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Shipuet (Eldwick) Watbrwobks. 



Table 22.— Chemical BendU. 



^ 


Of Water. 


Reaction 

with 
Lacmoid. 


Addity 

in Terms 

ofc.0. 

JJjNsiOO. 

required to 
neutralise 
100 cc. of 
the Water. 


Hardness 

(OaOQ, 

parts per 

100.000). 


Action on Lead (Results stated as Pud 
perlOOjDOO). The action on Lead was tei 
by upward filiation through 60 ex. 
washed Lend Shot at the rate of S miiu 
per 60 ex. 


1 


1st 
50 ex. 


md 

60CXL 


Srd 
00 ox. 


4th 
80 cc. 


6th 
60 ex. 


Ava 


1 

2 
8 

4 


October S6th. 18Mw Grain. 
cliffe stream, one of the 
main feeders to Graindiffe 
Sesenmir. 

October »ih. 1804. Weecher 
stream, one of the main 
feeders to Graindiffe 
Reservoir, or to Eldwick 
Reservoir. 

October SSth. 1804. Black, 
dyke stream, one of main 
feeder to Graindiffe 
Reservoir, or to Eldwick 
Reservoir. 

October Sfith. 1894. Grain- 
cliffy Reservoir water near 
•« outlet." 


Acid 
Add 

Acid 

Add 


1*96 
l€8 

1-10 

0-86 


6*6 
4-9 

6-S 

6*8S 


1-0 
10 

S'O 

1-6 


6*0 
4-6 

5-0 

4*6 


6-0 
6*0 

6*0 

4-0 


5-0 
6*0 

6-0 

8*6 


6-6 
4-5 

6-5 

4-0 


4 

4 

4 

a 



Survey No, 23. 
WAKEFIELD CORPORATION WATEEWORKS. 

Source of the Water Slpply and General DescRimoN 
OF THE Waterworks. {For map^ see Survef/ 13.) 

The water supply of the Wnkefield Corporation ha?, 81 ace 1888, been 
obuined from moorland gathering grounds situate at Risliwordi, some 
26 miles west-south-west from Wakefield. 

A catchwater conduit (Mossmoor Catchwater), nearlj 5 nnlvs in 
length, collects, at hs upper end, the water from a moorland stream — 
Spa Clough. Along its course this ciitch water receives tlie tlniinago 
from a very Iarg« tract of moorland* All the water draining from the 
hill slopes on the south-east sifle finds its way into the catchwater, and 
the amount of water thus collected for waterworks purposes i^ very 
grejit. In certain instaucea the water draining from the moors \s led 
into a hasin so constructed as to keep hack tlie j^eat. This arnin;jfeuient 
ia uj?ed m ccimexion with most of the large streams and ihosc which 
contain most surface water. Notwithstanding these precnutions, which 
are none the less of considerable value, a large quantity of peat finds its 
w»y icto the waterworks in storm time. 

In many cases rough drains are cut in the soil to facilitate the rapid 
passage of surface water into consumption and to prevent water from 
atmgnating in boggy and marshy places. Mossmoor Catchwater dis- 
charges its water (a variable mixture of spring water and surface peaty 
water) into Ringstoue Reservoir, and this is practically the only source 
of supply to Eing^tone, except in flood time, when an inconsiderable 
amount of sui'face water enters the waterworks from moorland along 
one side of the reservoir, 

Ringstoue is a large reservoir, and a considerable amount of eedi men- 
tation takes place before the water is carried on to Anlslev, where it is 
** treated ^' and stored before its final transmission to the consumers in 
Wakefield. 

At Ardsley, close to the point where the *' inlet" water from King- 
stone enters the reservoir, there are a series of large barrels connected 
together by pipes, in which a concentrated soda mixture (about 1 lb, 
sodium carbonate to every gallon of wat?r) is made. 

Five hundred gallons of this strong solution of soda are allowed to 
mix with every million gallons of Ringslone water entering Ardsley 
Reservoir* 

After storage in Ardsley Reservoir, the " treated " water is conveyed 
withotit any process of filtration to Wakefield, 

The following notes on Wakefield Corporation Waterworks are of 
interest :^ r> - ^ n 

■^ inches. 

Average yearly rainfall ill Wakefield - - - 20*05 

,, „ on gathering ground - - • 45*38 

Capacity^ etc^^ of Reservoirs, 





Capacity, i 


Top Water Level. 


Depth. 


Area, 


Bing«tone Reservoir 
Afdilej „ * 


844,000,000 
a20,000,000 


Ft. 

904 above 0. D, 

«8B ,. „ 


Ft. iji. 
45 6 

63 


Acrei. 
49 

59 



Drainage ^rea.^-^1992 acres. 
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Comumpiion of Water. 

2»000,000 gallons per diem for Wakefield and out-districts. 
1> 133,000 „ f, „ compensation. 

i?ain/«//(dail7) on gathering ground from September 3rd to October 
3rcl, 1894 (inclusive). 

Wakefield Waterworks. 

Daily Rainfall on Gathering Ground September 3rd to October 

3rd, 1894. * * 



1894. 


Ringstone 


Stott 
Uall 


Great 
Waldron 


1894. 


Bingttlone 


Stott 
Hall 


Great 
Waldron 




Gauge. 


Gauge. 


Edge 
Gauge. 




Gauge. 


Gauge. 


Edge 
Gauge. 




In. 


In. 


In. 




In. 


In. 


In. 


Sept. 8 . 


•02 


•02 


•01 


Sept. 19 - 


— 


— 


— 


n 4 - 


— 


— 


— 


„ 20 . 


•24 


•87 


•84 


M 6 - 


•05 


•04 


•02 


» 21 ► 


•13 


•12 


•14 


•. 6 . 


•08 


•19 


•16 


„ 22 - 


— 


— 


— 


., 7 - 


— 


— 


— 


„ 23 . 


— 


— 


— 


» 8 - 


— 


— 


— 


n 24 - 


— 


— 


.- 


n » - 


•04 


— 


— 


M 25 - 


— 


— 


._ 


„ 10 . 


— 


— 


— 


„ 26 . 


•07 


•09 


•08 


» H - 


— 


— 


— 


H 27 . 


— 


— 


'— 


» 12 - 


— 


— 


— 


„ 28 - 


— 


— 


— 


„ 13 - 


— 




— 


„ 29 - 


— 


— 


— 


„ 14 - 


— 




.._ 


„ 30 - 


— 


... 


... 


» 15 - 


— 


— 


— 


Oct. 1 - 


— 


— 


— 


„ 16 - 


— 


— 


— 


„ 2 - 


— 


— 


— 


» 17 - 


— 


— 


— 


3 - 


... 


...- 


_ 


» 18 - 


•02 


•04 


•02 











Notes on the Character of the Gathering Chround. 

Tbe gathering ground is composed of moorland. The vegetation 
consists partly of coarse pasture grass, but chiefly of heather. The 
surface soil over nearly the whole or the gathenng ground is peaty, and 
generally it may be said that pent is very abundaut, both as regards its 
superficial extent and also as regards its depth. 

The rock underlying the surface soil is chiefly Millstone Grit, 

Although the slope:} of the hills are fairly abrupt, tliere are numerous 
areas on this gathering ground where the rain saturates the soil and 
stagnates in peaty and marshy places. 

There is a considerable proportion of spring water as compared with 
surface water under ordinary conditions of rainfall, but in storm time 
the amount of surface peaty water entering the waterworks is very great, 
and its character is such triat the good quality of the spring water is 
lost in the bad quality of the peaty water. 

Conditions found to exist on the Gathering^ Ground on October Srd^ 

1894. 

It is to be noted that the conditions were not normal on October Srd, 
1894, as regards the rainfall. Owing to the preceding drought, nearly 
all the feeders to the catchwater were dried up, and practically the only 
water entering the waterworks was from the springs* 

Ringstone Reservoir was tested at various points, and the water was 
found to bo distinctly acid in reaction. 

Mossmoor Catchw^ater was followed towards its origin for seyeral 
miles, and the water running along Ua cbaanel and the water drainiDg 



into it at various points from tbe catohmeot ares wa§ tested. The 
wat«*r in every case was found to be neutraL 

Anlsley Reservoir was visited iit a later date, but it is convenient to 
state iiere that the water from Rin^stoiie Reservoir was distinctly acid, 
and tiie water in Anlsley Reservoir, aitA^r treatment wiib sodium 
carhunute^ was neutral in reactiou. 

Tb6 rt'sultii of the examination of the waters are given in an 
accompanying tahle. 

Briefly the analyses of tlicso vvaturi showed the following: — 

Ringstone Reservoir water (t^vo samples) was very acid, and acted 
itro:jgly on lead. 

The same remark applies to the ** inlet " water (four samples) from 
RiDi^slone to Ardaley Ke^e^vuir — before '* treatment/' 

Thn ^Mi'ealed" water (tivo samples), i\A strpplied to the consumers in 
VVukotield, was free from acidity and [iluinbo-solvent ability, as was 
alno the ** outlet ** water (two sarn[ile>:) from Ardi^Iey Roaervoir after 
" treatment," The water, as noted above, in Moasmoor Catchwater 
WHS neutral on October 3rd, 1894, but the water from the ^ame sonree 
obtained at u later date, November 7tb^ 1804, and after heavy rains, 
Wttfl very acid, and had a stronp^ plumbo-solvcnt action on leatL 

It is tu be noted that the neutral *' treated" walcr was softer than 
the acid •* untreated '* water, 

Jiemarks on the litsuits yielded btf the ChemiciU Examination of the 
Jt^ater in reference to the Ohetted Character of the Gtttkeriny 
Ground. 

It is of interest to note that wliile llingstone Reservoir water was 
very acid on October 3rd, 1804, ihe ** inlet" water from Mossmt^or 
Catchwater was neutral on that date* A possible expkmition of thi.-* 
difference in the (juality of the two waters might be found by mippo^^ing 
that the peat, which undoubifdly is WHifhed in large quantities into tbe 
reservoir, fermentcHl in tbe bed of the reservoir. The probable, ami, 
ij>deed, the almost certain explariaiion, however, lies in tlie fact I lint 
prior lo October 3rd, 1894, the rainfall was much below the iivera;;e, 
and, in consequence, the unly water *:ait.ing aece?s to tbe calehwater 
was from moorland i?prin|i:s which are usually not only neutral liut 
poifsess some acid neutralising ubility. On November 7th, 181/4, afu^^r 
heavy ruins, Mossmoor Catchwater contained a highly acid water, no 
d*mbt due to tbe enormous incieate In tbe surface water, which, when 
drtdniiJg from jMnit, 8eems invariably to be assoeiate<l with acidity* 1 he 
ticidiiy, it is true, was not so ':ieut us tbe acidity of the reservoir water 
cm that dale (Nuvember 7th, 18JM) ; but there is every reason to belitve 
that at particular seasons of the year, or at particular perioils during 
A storm — perh?ipt at the beiirinidrig — Hic conditions would be reversed. 

The almvu atiiirds an excellent illustration of the importance, in Ihe 
ease uf ujnorbjJid water supi>lics, i-f alli>wing imly the *'fair weather" 
flow lo enter the waterworks. Unfortunately the failure lo provide 
udequato arningiMueiitH ft*r excludinij: siorrn water is only too common 
among waterworks, and in many cii>es, whetlier ihis |j;ovision exisl*^ 
iir not, I be exi^ejieirg of u constJint atnl abundant fUpply ncceiKbitafc^ 
the collection of all cu* nearly all ihe water draining from the catchment 
area, indcpund'jiiily of its quality. 

In conelusiou, it is to Ikj noted that the acid qualily of the water 
obtained from this ^'athering ground, us jutl;i;ed by the slatt? of Ihe water 
contained in Kingstotte Slonige Reservoir, is quit^i in kct!j>ujg with th»3 
observed character of the gathering ground. It has been shown ll-at 
from tbe nature of the ground an cuormous quantity of sin luce water 
derived from the drainage of peaty soil must enlec l\;ii6^^\fet>«wV^\w 
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stonn time, and that it is only in time of droughty when the Burface water 
is dried up, and the spring water alone enters the waterworks, that the 
quality of the water can he expected to be otherwise than peatj. 
Numerous ezperimeutSy which are detailed elsewhere, shows con- 
clusively that water filtered (under laboratory conditions) through peat, 
and water draining (under natural conditions on moorland gathering 
grounds) from peat, acquires acidity and plumbo-solvent ability. 

Wakefield Corporation Waterworks. 
Table 23.— CAcmtca/ Besults. 



Dcgcription of the Samplo 
of Water. 



Hardnett 

(CaCO, 

parts p<*r 

100.000). 



Reaction 

with 
Lacmoid. 



Acidity 

in Terras 

of O.C. 

required to 
ncatralise 

100C4S.Of 

the Water. 



Action on Lmd (Result stated as Pirts pai 

UXMMM). The aotion on leMi was tested 

bj upward filtration through 50 ojO. 

washed Lea'l Rhot at the rate of 

8 mins. per 60 ox. 



1st 
60 CO. 



2nd 
60 CO. 



Sfd 4th 
60c.o.l60ex. 



6th 
60 ox. 



10 



11 



September 13th. 1804. Wakefield 
water ("treated" with Nai 
COM from tinned lined pipe 
in Dr. Whitelegg«*» house. 

September 14th. 1894. Wakefield 
water before " treatment " at 
•* inlet •* to Ardsley Reservoir. 

October 4th, 1894. Rin^tone 
Resenroir water— the sample 
of water was collected near 
point of entrance into reser- 
▼oir of Lowmoor Catchwater. 
Wakefield Corporation Water- 
works. 

Noyember 7th, 1894. Ringstone 
Reservoir watei^the sample 
of water was collected near 
the "outlet." Wakefield 

Corporation Waterworks. 

November 7th, 1S04. Mossmoor 
Catchwater at inlet to Ring- 
stone Ro»ervoir— the sample 
of water was collected after 
heavy rains. Wakefield 

Corporation Waterworks. 

November 16th. 1894 " Inlet" 
water (from Ringstone Reser- 
voir) to Ardslev Reservoir 
before " treatment " with Nat 
CO|. Wakefield Corporation 
Waterworks. 

November 15th, 1894. Wakefield 
water (treated with Na,CO,) 
from iron pipe in Alderman 
Flower's house. 

September Oth, 1895. "Inlet" 
water (fh>m Ringstone Reser- 
voir) to Ardsley Reservoir 
before " treatment " with Nat 
(X)». Wakefield Corporation 
Waterworks. 

September 6tb. 1896. ** Outlet " 
water from Ardsley Reservoir, 
after "treatment" with Na* 
COi. Wakefield Corporation 
waterworks. 

March 28th. 1806. "Inlet" 
water (from Ringstone Reser- 
voir) to Ardsley Reservoir 
before " treatment " with Nat 
CO|. Wakefield Corporation 
Waterworks. 

March 2!$th. 1806. "Outlet" 
water from Ardslev Reservoir 
alter "treatment* with Nat 
COs. Wakefield Corporation 
Waterworks. 



2*4 


Neutral 


Neutral 


00 


0*0 


0*0 


0*0 


8-78 


Acid 


0*81 


0*8 


2*0 


2*4 


2*4 


6-0 


Add 


0*66 


1*2 


2*0 


2*4 


2*4 


6-8 


Acid 


0*96 


12 


2*0 


80 


4-0 


4*6 


Acid 


oeo 


0*4 






1-4 


6-4 


Acid 


0-90 


2*0 






s-0 


8-1 


Neutral 


Neutral 


0*0 








6-8 


Acid 


0*78 


1*0 








8-2 


Neutral 


Neutral 


0*0 








- 


Acid 


0*84 


1*6 








- 


Neutral 


Neutral 


0*0 









0*0 

2-4 

2*4 

8*6 
1*4 

8*0 

0*0 
2-0 

0*0 
8*0 

0*0 



S'QO 
2*06 

2*74 
1-26 

2*76 

0*66 
1-48 

0*60 

r60 

0*00 



SECTION in.— CONSIDERATION OP RESULTS OBTAIN'ED 
FROM THE SEVERAL SURVEYS REPORTED IN 
SECTION IL 



Ok Particulae Natural Cont>ition9 of Oatiieuino Grooxds in 

RKLATION TO THE PRESENCK OF PkAT AND TO THE PLITMBO- 

SOLVBKT Ability of Watjcu derived from theii, (See special 
notes of detailed Surveys, heading ** a.'*) 

Altbougli all the waterworks surveyed derive their watfir supplj from 
" hi^h gathering pounds," yet some of them receive water from ** upland 
ureas'* which are not eeseutially moorland in character. 

The following may he taken as heing essentially moorland gathering 
gn^unds :*— 

Ashton-noder-Lyne. Staljbrid^e* and Dukinfield Waterworks. Both 
the Swineehaw and Gieeiiiii Id P}!^t< nis derive their water from 
moorland sources^ but the former has more peaty water and less 
spring water than the latter. 

Bac'up Corporation Waterworks. 

Bolton Corporation Waterworks. Eutwistle and Springs (misnomer) 
systems. 

Bindford Corporation Waterworks. Thornton Moor and Upper 
Barden drainage areas. 

Burnley Corporation Waterworks. Caut Clough and Swioden gather- 
ing grounds, 

Colne Waterworks, A poriion of tlie higher Laneshaw drainage 
art-a. 

Bcws-bury and Heck mondw ike Water Boaid. Nearly all the Dun- 
ford bridge gathering ground. 

Hidifiuc Corporation Waterworks. The greater portion of the 
gutbering ground in the Hebble, Lyddi^nicn, WhUlop, and Greavo 
valleys. 

ITuddii-sficld Corporation Waterworks. Blackmoorfoot drainage 
area. 

Keighley Corporation Watcrwoiks. Praetically the wlioln of the 
W^aterfebeddeb gathering gro'ind. 

Morley Corpomiion Watei woj k^\ 

Nekon Corporation Wat or works. To some extent (he Cold well ami 
Ogden systems derive their water supply from moorland sources. 

Oldham Coqioration Waterworks. 

liuclidale Corporation VVaterw^orkf. 

Silt fheld Corporation Waterworks. High level supply* 

§ifpley Waterworks, 
akefield Corporation Waterworks, 
■eston and Biackburn Corporation Waterworks arc on I lie whole to 
igardcd as moorland gathering grounds. 
f these the following fippear to etand out pre-eminently as typical 
ujuu/land gathering grounds, namely : — • 

Bacup Corpoi-ation Waterworks gaihering ground. 

Bradford CorporatiDU Waterworks. Thornton Moor gathering 

ground, 
Uiflifax Cori>orQlion Waterworlifl, Fly gathering ground. 



High ffnthcrliuf 
(TPuuuds : moor- 
laud and upl&nd 
Itfttht^ring 
pronnds com- 
pared. 
Gatht'HnK 
frroundtf cftsen* 
itolly fnoorlfthd 
in chAraclvr. 



KFiundH. 
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Gatherinf? 
grounds not 
pre-eminently 
moorland in 
character. 



Difflerence one 
of decree rather 
than of kind. 



Hoint peat 
invariably acid. 

Experiments 
>iearing on the 
resnilt of contnct 
of water with 
peat as regard 
acidity. 



Huddersfield Corporation Waterworks. Blackmoorfoot gatliering 
ground. 

Keighlej Corporation Waterworks. Watersheddels gathering ground. 

Morloj Corporation Waterworks gathering ground. 

Shipley Waterworks gathering ground. 

Wakefield Corporation Waterworks gathering ground. 

Barnsley Corporation Waterworks is an example of a waterworks 
which derives its supply from " upland sources " which are only partly 
moorland in character. Thu^, the total area of Uie watershed is 1,910 
acres ; of this about 227 acres are arable land, 445 acres meadow land, 
622 acres pasture land, 373 acres moorlandy and 243 acres road, streams, 
reservoirs, quarries, and waste places. 

Batley Corporation Waterworks gathering ground is to be regarded 
as an upland gathering ground only partially moorland in character, 
and having a large portion of the total area covered with pasture grass 
growing on soil which is not very pealy. 

Again, the High Rid supfily (Bolton Waterworks), Springs sapply 
(Burnley Waterworks), Floss, Barnside, and Bonnie Booth suppUes 
(Colne Waterworks), can hardly be regarded as derived from moorland 
sources. 

Also the Leeds Corporation Waterworks and the low-level supply of 
SheflSeld Corporation Waterworks obtain their water from upland^ but 
not, perhaps, essentially moorland gathering grounds. 

In general terms, in the sense of this report, a moorland gathering 
ground is one rich (superficially and in depth) in peat, with heather 
and moss but little pasture grass. Situated usually at a considerable 
elevation above sea level, it comprises portions which are commonly flat, 
and areas where the rain stagnates in peaty, marshy, and boggy places. 
It yields a large amount of surface water and but little spring water. On 
the other hand, an upland gathering ground, in the sense of this report, 
is one which is covered with soil not peaty, or only partially peaty, in 
character, and which supports the active growth of grass but has little or 
no heather. In general it is situated at a somewhat lower level than 
*' moorland " areas, and does not allow of much stagnation of water in 
the surface soil. It yields a fair amount of spring water as well as 
surface water. Of course the one passes into the other. Every moor- 
land gathering ground is necessarily also in part an upland one, but still 
no part of an upland gathering ground need be " moorland " in the 
above sense. 

In 1893 it was found, as the result of testing in many placcS| on 
different gathering grounds and at all seasons of the year, that moist peat 
soil is invariably ucid. This observation of the acid quality of the 
peat itself led to an elaborate scries of experiments the results of which 
clearly point to the fact that moorland waters when they have left the 
peat have completed their life history so far as acidity is concerned, and 
that their acid condition is due to their ha\nng carried out of the peat an 
acid or acids manufactured in situ as a result, as is believed, of the 
vital processes of bactoria. 

But whether the acid manufactured in the peat is to be regarded as 
the result of a biological process or a chemical change, or both combined, 
matters very little from the practical point of view, and so far as the 
actual result is concerned. 'J'his result has been already indioated, and 
was abundantly iilustrated diirin;; the surveys. Water t1|llt has been 
brought into coutjut v.Itli i)eat carries with it an acid or aci(9 capable of 
dissolving lead to an extent chiefly governed by the am<mnt cf the 
acidity. 
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worthy of Oith<?ring 
peaty. 



GutheHnf 
prrminds leH 
rich in peat. 



The observations made, as a result of the inspection of the different BiitHbation of 
gathering grounds, as regards the Binount of peat and its distribution, ^^*" 
are thua of the greatest importance. To realif!ctlus fully reference must 
be made to each separate survey. 

It would liave lieen of considerahle interest to have sliown in 
connexion with each survey raap the **peat areas" miirked in some 
clistini;;aishing way, illustrating not only ihe superficial extent of the 
peat but its depth. For reasons thut are suilidently olivious, tbe 
in formation necessary to effect this ohjeet was either not obtainable 
or was not altogether reliable. Nevertbelesf, in one or two m^pa an 
ittcmpt hna been made to show the distribution of the peat. 

Of gathering grounds especially peafy the following are 
"iiote ; — ' 

Bacup gathering ground (Bacup Corporation Waterworks). 

Fly gathering ground (Halifax Corporiition' Waterworks). 

BlackmoorfiKJt gftthering ground (Hudder^field Corporation Water- 
works), 

Watersbeddels gathering ground (Keighley Corporation Wat-er- 
works). 

Mytholmroyd gathering grouotil (Morley Corporation Waterworks). 

Ringstone gathering ground (Wakeiielti Corporation Waterworks;. 

Sbipley gathering ground (Sldpley Waterworks). 

Of gathering grounds which are not veiT rich in peat the following 
may l>e named : — 

Barnsley gathering ground (Barnsley Corporation Waterworks). 

Barrow-in-Furness gathering ground (Barrow^in-Furnesfi Corpora- 
lion Waterworks). 

Bntley gnthering ground (Bat ley Corporation Waterworks). 

Leeds gathering ground (Leeeds Corporation Waterworks). 

Sheffield low-le%*el gathering ground (ShelHehl Corporation Water- 
works). 

Meat of the other gathering grounds occupy an intermediate position 
Jks regards peat. 

As an example of a gathering ground peculiarly rich in peat, the Fly 
system of water supply of the Halifax Corporation Waterworks may be 
Tnentioned. Here tho drainage area covers 9VJ acres, and is situated at an 
elevfttion of 1»350 feet above sea level. In many places the peat beds are 
over 10 feet in thieknesa, and tbewholeofthe drainage area is covered 
with a layer at least 2 feet in thickness. Fortanately the water draining 
from this gathering area is used chiefly for compensation purpoaes. 

Running parallel with the question of the amount of [iput on the gather- Peifcj w»t«r. 
ing ground is the question of the amount of peaty water gaining access to 
the supply. The greater the amount of peat on a gathering ground, the 
greater is likely to be the amount of peaty water relative to the total 
yield of water. But in some eases the amount of water draining from 
surfaces more or less peaty may be large in bulk, and yet the water maybe 
only slightly peaty in character, and in other cat^es the peaty miter may 
be small in amount, but owing to prolonged contact with the peat be, 
as it were, a coneentrated wiiter so fur as the peaty element is con- 
cerned. So that in judging of the evil effect likely to be produced by 
a partictilar waler entering a waterworks, note must be taken, not only 
of the amount of peat or the products of the decay of peat in such 
water, hut also of its bulk relntive to oilier non-pea fy water reaeliing 
the supply. As to the amount of pent or lis product^ in n given sample, 
this may be judged of partly by observation of its colutir, by theappenr- 
ance of the suspended matter contained in it, and by chemical analysig, 
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but, from the point of view of tliis loqairji is chiedjr to be determiaed 
by the amouat of ucid contained in it. 

As as example of a waterworks storing a water highly acid, very pe^ty, 
aod of large amount, Shipley may be cited. Here there are three large 
streams which constitnte the main sources of supply. These streams 
are eoraparable in that they all drain exceptionally peaty land. Also 
they come niider the same category as regards acidity, all of them being 
very acid waters. 

Here then we have a water draining from laml which la excseptlomilly 
peaty, which is very acid, and which is of large bulk, 

fn other cases we may have a water draining from very ppsty land 
and rich in acid, but of relatively small bulk. For example, the water 
carried from the moor throtigh iron pipes into the SAW side of Thornton 
Moor reservoir (Bradford Corpomtion Waterworks). Also Fletcher's 
Dyke, Great Rut, and Deep Slade streams, which dischai-gi^ into Withen*d 
Keservoir (Morley Waterworks). These waters drain land exroptionsilly 
pesity, and art^ highly acid, but they are of relatively small b.dk under 
oiilinary conditions of rainfall. 

As an example of a wutcr draining land only partirilly praty in 
character, and ouly sliglitlv acid, but of large amount, moniion may be 
Diaile of the water f^upplying Widdop reservoir (Halifax Corporation 
Wttterwurks), which comes from the W^iddop and G reave Valley i, where 
there is onJy a sparse distribution of peat. 

iwicwatfr. Of nearly equsl importance with the note^ on the extent and distri- 

bution of petit and the amount of peaty water, are the notes which deal 
with (he iimount of spring water gaining access to the waterworks. 
Speaking from a very hirgfi number of experiments, it may be stated 
ihat moorland spring waters are not only neutral and free from plumbo- 
solvent ability , but that they possess acid-neutraiisiog ability^* antl 
cnisequently ability to niinul or lessen plumbo-solvency. It is true that 
this neutralising force is nr>t usually present in marked degrL»e, yet it i,^ 
sufficiput in not u few causes to pLiee an otherwise dangeix>us water in a 
condition of pniciical safety, so far as risk from lead -poi stoning h con- 
cerned. Examples have already been given of waterworks where the 
proportion of spring waiter to surface water is very small, and others 
where the conditions are more satisfactory in thia res|>ect. It uas 
pointed out that while the acid neutralising ability of mnorlund spring 
WHter is not gront, and (s fntrly uniform, the acidity of peaty water 
vanes w ithiu relatively wide limits. Again, it was notrd that the ultimate 
Flate ot' a mixed miKirland water depends very krj^ely on the relutive 
proportion of spring and peaty waiters, and the deijrer of ariil neutral- 
ising ability of the former and the iimount of ncidity of the latter. 
Sometimes the good effect of a fairly abundant supply of spring water ia 
la^t in the excessive acidity of a comparatively small bulk of peat)' water. 
Again, sometimes the spring water id relatively small In amount and the 
peaty water abundant, but the latter may be so slightly peaty in 
character as not to overcome the acid-neutralising ability of the spring 
wiitj^r. As a matter of practical cibseivation, it may be said that 
when a moorland water a« sent into consumption is acid, the j^ather* 
ing ground is rirh in peat, s^orm water is altowe<l to enter the 
waterworks, and the dry weather flow i;* deficient in amount — the 
last, of i-ourse, being largely derived from springs. Conversely, 

* It le^ to be noted tliat spring wuters are referred to at posse tsiiig alkaline pro- 
pertiea or iicid-neotruIisiiDg ability, aot as *' alkaline watiris " ; the re«»on being ihmt 
a ]« d 00 b if 111 if mw potable water ie n Ik a line i.i the same sene* au pe.it} w^teri are 
unt|uestioonbly ucid. 
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when a moorland water &» sent ldIo coB^umptioa is neutraV ^^^^ ^^^ 
gmtherin^ o;roond is usually ooly partiallv peaty in character; there is 
frequently aUo provision made for excluilmg storm wafer from the 
water works, and the amount of spring water is commonly stittieient to 
#»ii*uit; a g*X)d fnir weather flow. The reau^on why .spring water 10 so 
Sclent on mooHand galhering grouads la no daubt to be traced to 
high ftlevatioD of these drainage areas. Much uf the water siukiug 
IQ the ground must crop out at a lower U^vel than tlie lowest pahit of 
**intakt*" for waterworks purpo:*es» There can be do question that 
such vTater, afti^r i>«ssiug through tb*^ deeper b-trjita of rock would be 
ejtJremely valtiable for waterworks purposes, and would be likely to 
neutralise a much larger body of water than the small amount of spring 
wafer which reaches the surface at a sutlicrently high elevntmu to allow 
of its being utilisefl. Thii* is a circumstance which has perliaps not 
tjecn taken sufficient nolice of by waterworks officials in Ibe piist, but 
which 13* likely to assume grciitcr prominence in the fuiare. 

Other factors may l>e at work in producing acidity, and mu«t here be 
Bidcred, namely, the oxidation of iron pyrites, and the pre?»cnce of 
pburous or other acid in I he rain falling on the gatlienug ground. 
I Just factor, even if it be suppoi«cd to be a uniibrui source of acid, is 
' ioadequrtte to explain the extreme acidity observed in so many 
^tnoorlaufl walcrs, and throws no light on those Ciises where tlie rain, after 
csollecting and lying tjbagnant in boTlows or depressions in the peat, is found 
to be very strongly acid. Rain w^ater collected in glass v«/ssels on Ihese 
gathering grounds, although frequently showing a certain degree of 
auridity, m^ver showed an amount of acidity at ai corresponding to tlio 
amount of acid found in peaty waters. Bain water collectetl at a height 
of about 600 leet above sea level in a country di.^trict, in places remote 
from the j)os»ibility of containinaiion with smoke from mimu factories, 
showed no acidity. In a ftiture report tables will be given dealing with 
this maltej* more fully. But it may here be definitely btated that the 
feeble ncidity obstn'ved in certain cases in the rain falling on the 
gathering grounds is quite inadequate to explain the acidity of moorland 
waters. 

As reganls the presence of iron pyrites, thero can bo no doubt that 
pyrites m the presence of water and moisture would undergo oxidation 
changes heading to the formation of sulphuric acid.* But as a matter 
of fact, so far as could be ascertained on the particular gathering grouuds 
examined, the strata bearing pyrites Oiiutilly crop out at a much lower 
level than the level of the lowest intake for w^ater Aorka purposes ; and 
the water issuing from the rock on ibe gathering grounds as spring 
water f was invariably fouuil to be neutral, and even possessed of acid 
neutralising ability. Such of these springs as contained iron in large 
amoimt (ochre springs) containe+l it apj>arcntly in the form of carbonate^ 
held in solution by carlK>nic neid, and thcf iron was deposited very 
rapidly on exposure to the air, fonning bright orange coloured deposits 
aloDg I he course of the streams. These waters, too, were found to bo 
neutral and free rJso froiti plumbo-solvent ability. 

The iron in the substance of the peat mu\ in the marl underlying the 
peat appeared to be present in the form of oxide or carbonate. Deposits 

• The fotlowiiig cquwtion muv he tukea us rupresentiug the action : — Fc Sj + H^O 
^- 7 O = Fe SO^ + Hj SO4. ' 

f Mjieover, thtrt? ia every reason to believe ihat th# water isHuirig from ihe rock 
low down in moorland TaHtyH is u^it only not aci^J. but passesseJ of u high-r degree 
l.a«ii(l ueulrali&in|T ability than water reuchiog ttie fiurf»cc ut a higher olevutioo* 
»ugb both wati'fii perhap;* trace tlitir ongin to ratn f&lliiig oa the «amo are*. 
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of iron are coinmrmly foiiml both in ilie peat iiud io tlio mnrl^ but 
exjieriiTients with these depjMta with a view Io diseovering whether or 
not thoy were concerned iu the product loti of nerd iilwayi^ gave a 
negative result, audit may beconcladed that the presence of iron, in this 
foim at all event*, Uhh spemingly no rehitlon to the acidity of peaty waters. 
Water frona certain more superficia! hirers of rotjk which is frequently 
rich in iron (for e3Cjtmpk% shale ancl i^mdHcine), on which peat 
directly or indirectly rested, wm tested in a variety of ways. The»e 
experiments tended to show that the rock conferred no acid 
properties on neutral waiter, and not only dtd not increa^ the acidity 
of acid peaty waters, bnt rather tended to neutralise the pre-existing 
acidity. 

But on one gathering gt^ountl (Rochdid*^ Corporal j<m Waterworks) 
a water was found which was extremely acid. This water drained 
from a disused mine, and temples of this rock were found on 
examinatiou to he very rich in iron py rite it. An artificial filter waa 
constructed, made np ot'' large and small portions of the rock, and 
neutral water was filtered continuously through it for a nunil>er of 
weeks. The filtrate was always exceedingly aciil, and wheu sutSciently 
diluted witli waier dissolved lead to an enormouis extent. Details of 
these results will be given iu a future report. 

It lia.^ been said that the amount of the acidity in the rain falling 
on (roorland gathering grounds is quite insufficient to enplain the 
acidity of moorland waters. The same cannot be jsaid as regards the 
acidity produced by the oxidation of iron pyrites, and tl.^ere can bo no 
question that a water such as was discovered ou the Hochdale VV^ater- 
works, gaining access to a supply, would contaminate it to an alarming 
extent, But so f^r as could be ascertained by pei'sonal inspection^ 
and on inquiry, the Rochdale case is the exception and not tlie riile» 
and although in certain isolated cases tho acidity may be tntctaable to 
the oxidation of iron pyrites in rock, it is qultt; certain, as the result 
of very numerous experiments under many diffei*eot sets o( conditions, 
that the acidtty produced in water by contact with peat is an 
invariable and constant factor. It is only right to state that the 
Kochdale water above referred to no longer gains access to the 
waterworks, 

G^oloficml tiotojt. Other considerations, geological and physical, have to he thought 
of as influencing the composition of moor hind water from the point of 
view of this inquiry. For example, the geological formation ou 
the gathering ground, the nature of the rock (using the word in its 
broadest »*ense) immediately beneath tbe surface soil, the nature of 
the beds of the moorland streams, and the distance these streams 
run before entering the storage reservoirs. Also the nature of the 
vegetation, whether pasture grass, heather, or moss, the amount of 
denudhliou of the sitles of the valleys, the slope of the hills (whether 
precipitous or not), the drainage from the Foil (whether slow or n»pid), 
and the presence of fiat areas on the higher pai'ts of the gathering 
grounds, allowing of rain stagnation in hollows or depressions. 

These physical conditions ha%*o been taken into consideration in all the 
diJTerent surveys, and is it desirable at this stage to sum up iu a general 
way tlie bearing of these points on the qtiality of a moorland water, 

Uo most of the gathering grounds the geological forinitiori is 
millstone grit, e.ff,, Leeds, Wiiktfield, 01dham» lluddersiield, Black- 
mooifon supply, Dewsbury &c,, gathering grounds. Shale and flagstone 
and ©andfltone rock are commonly met with. 
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netliati^ly li^nmth tlie peat U u-siially, but not iavarmbly, n layer 
or marl. Exfjerhueats have hi^QU tried witli p >wtlered sliale an<i mnd- 
stone rock lo see wbetUer these subistances in thf^ presence of water 
aad oxygen iMin give rise to acitlily. It was fcontl not only that no 
aci<l was oiiinn fact u red, but that when uaturally at:id waters were lel't in 
coDtaot with thet'c materials they suffered a ali*^Iit diminulion of 
acidity. On one gathering ground there was a leak in one of the 
reservoirs, and the \vat*^r thus escaping, and after pounng through a 
oonsiderable thickness of rock came to the surface at a lower point in 
the valley. This reservoir water was very appreciably acid, yet the 
water from the leakage, after passing through the rock, was neutral. 

It lias been asserted that a moorland galheriiig ground ceases to yhki 
Au acid tt'atcr after the feeders and streams have worn a channel for their 
flow through the peat on to the rock or marL To show bowgroundles!* 
soeh msseriions are the case of Shipley waterw^orks may lie mentioned. 
Here the three main sources of supply are from GrainclilTe, Wi-oeher, 
jind Blackdyke streams. These streams run for the greater part of 
their length on clay rock and sand bottoms. Yet they yield a 
continuous supply of highly acid water, and water also possessed of 
powerful action on lead. 

In this partienLiT case the gatherings ground is very flat^ and the bed 
of the stream is not &ubjeet to constant renewal by denuding agencies. 
Where denudation is extensive, as for example where a stream runs at 
the foot of a gorge with pirecipitous sides, the ease is different. Here 
there is not only a constant washing of pcjit, but also of disintegrated 
rock and sand into and along the bed of the stream. That this may ill 
oertain cases have an important action in neutralising a part of the 
acidity is extremely probable. But it is to bo noted thai the satne rock 
and the same sand cannot be supposed to possess a continuous powt*r of 
DentralLsing acid. Dowry Beck (Denshaw system, Oldham Corporation 
Waiei^orks) is a good example of a moorland stream which i*eeeive5 
enormous quanii ties of shale and simd washed with every storm from 
the surrounding hill slopes into its bed, and yet remains acid. 

On many gathering grounds the bills which flank the streams are 
precipitous. On these hill slopes the pi^at beds are frequently not only 
very thin, but in many places absent, and there may be brge portions 
where tliere is no surfaee peaty soil, but bare areas of rcKrk, it may be, 
ia the form of beds of diskitegrated shale or sand, eircumstance» 
which may ho regarded as favourable to the quality of the water. 
Some such state of things holds good as regards Ogden and Skirdeo 
Cloughs (Halifax Corporation Waterworks). 

Moreover, precipitous slopes necessarily favour rapid drainage from 
the soil, whicfi inhibits acid formation in the peat, and frequently allow* 
an abundance of spring waten w^hicb has an acid-neutralifing ability, ta 
crop out and reach the supply. 

For example, a large body of spring water issues from the precipitous 
hill sides on the west side of Yeoman Iley reservoir (Ashton^nnder-Lynes 
Stalybridge and Dukinfield Waterworks), and if we exclude the water 
draining from the tops of these liille where tho land is flatter the raia 
wat^r falling on the elopes of the hilh passes rapidly into the storage 
reservoir. 

Another example is the Biver Don (Dewsbury and Hcckmondwike 
Waterworks) along the lower part of its course- Here the water from the 
upper reache^s (Grain, Little Grain, and 8winehill Cloughs) is acid even 
daring dry weather flow— the rain tending to stagnate on the upper 
and flatter portions of the gathering ground, and bring therefrom a large 
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body of peaty water, and but liitlo spring water. Lower down the con- 
ditions are very different qh the hill is)o[»ea bordering the river are 
precipitous, tbtTc t3 a sparse distribution of peat, and a Urge amount of 
spriug water ai well aa »ome peaty water gains entrance to the anpply. 
The result of thii5 more fftvoamble condition of things wth well seen on 
the date of inispection. The reaction of the water changed from above 
downwards from a water distinctly acid to one eligUtly ucid. and then 
finally to a neutral water. 

In all, or nearly all, \h*i sarveys allusion is maile to the surface 
vegetation* ^ 

^fost of the moorland gftthering grounds are covered with blather, 
and coarsf* pasture grasH is also frequently present. The gathering 
gronuus yielding the most acid water are usually tbo»e where heather 
ia abundant, the reason being that such Jireiia are rich in peat. But 
on some gathering giounds, or portions of them, there may be a grt^at fl 
deal of black peat and moas^y and marshy ground with very little 9 
heather, and yet such areas usually jield a highly acid water. The 
gathering grounds yielding a neutral water or a water only slightly ^ 
ncid are commonly tho^e where grass very largely takea the place of V 
heather. It may generally be inferred that tlie active growth of grasj ™ 
implies a soil only partially peaty in character, and one well drained. 
This ttlone would account for the observed fact that w^ater draining 
from an an^a supporting an active growth of gra*ii U u:sually neutral or 
only very slightly acid, quite apart from any intrinsic effect produced 
by the ifrowth of vegetation. It is no doubt the <vise that the grass 
may "bind" the soil and abijorb much of it/* moisture, and render ii 
leps spongv and less able to retain water, and ihuju inhibit the formation 
of peat. However this may be, the fact remains, that water draining from 
f/rass^ moorland is usually neutral or only vrry feebly aeiJ; wheneaa 
water dj-Jiining from moorland* w^here there is but little grass and the 
vegetation consists chiefly of Iieather and moss, is frequ*intly acid. 



To take one or two examples :— The Batley gathering ground supports 
the active growth of gra«8, and the water clraining from it is either 
neutral or only very slightly acid. A large portion of the Barrow.in- 
FurnesB and Barnsley gathering grounds is grass covered, and these 
waterworks store a neutral water. On the Shipley and Bacap gathering- 
grounds grass is almost absent, and the vegetation is chiefly heather, 
moss, and rank grass. Hero the water ia of bad quality as regarda 
acidity and plumbo-solvent ability, 

Incideniftlly, reference has been made to the beneficial effect of 
rapid dratnat/e from the soil in the case of moorland waters. 

Given a certain amount of peat on a gathering ground, the amount 
■wrfiic* drainage, ^f jK^jil which it ia likely to yield depends very largely on the length 
of time the water remains in contact with it. If the drainage ia 
satisfactory the rain may run otf tlie surface, and at all events does 
not remain in contact wilh the peat for a lung period ; wherea., if the 
drainage is bad then the rain may saturate the i>eat, ai*d if the peat resta 
on t*n impervious stratum may only escjipe l>y lateral percolation through 
a great thickness of peat. I^loreover, under the hitter set of conditions, 
eAiih fiuccest^ive rainfall displaces water which has been lying stagnating 
in the soil, it mny have been forji considerable time. Take, for example^ 
the Sliipley gathering ground. Here p<rat is abundant superticially and 
in depth, and rests on clay. Moreover, the slope of the groun<l ia verv 
^radn?d. In cou sequence, the rain saturates the peat and arcuraulatei 
in hr.llows or de[)ies&ious forming peat tioles and bo^^gy and marshy 
places. It escapes very slowly into the feeders leading to the reservoirs 
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hj lateral percolation through immense thicknesees of pent. As a result 
the water is liabiiually strongly acid. Nearly all the gathering 
grounds suffer to a great or less degree from slow drainnge from the 
enrfnce soil on a portion of their gathering ground. Commonly some 
such i?tiite of tfdngH prevaib on the upper and flatter portions of tho 
gathering grounds. 

Many instances might be qnoted in iliuatration, but the following may 
be deemed sufficient i — 

Fly Hystcm (Halifax Corporation Watorworks) ; large areaa on the 
gathtrifig grounds of the Biicup Corporation Waterworks ; portions of 
the Oldham Corporation Waterworks (e.f/,, upper part of the Denshaw 
gp"stem of etipply) ; Bradford Corporation Waterworks (S.W. side of 
Thornton Moor rcserroir); Keighley Corporation Waiterworks ^portions 
of Watersheddels drainage area) ; large areas on t!ie gathering grtDunds of 
the Morley Corporation Waterworks ; Sheffield Corporation Waterworks 
(high-level supply). 

In nil these cases the effect uf the Htagnaliou of the water in the peat is Effects of slow" 
to foul the general body of water supplying the impounding reservoirs «"rfnoe dr»iii»g^ 
^with water distmctly acid and posaessed of considerahle plumho solvent ■ 

bility. ^ 

On the other hand, many in^^tances might be quoted to show that the Bflnefleial ^«st 
evil effect of the pre sen co of i-xteneive beds of peat may be reduced to a 5n3Sa^*'^ '^ 
minimum, where the alopea of the hills are sufficiently Bteep to permit the 
wat«r to dniin rapitlly away. This favourable circumstance, namely, 
Lstkpid drainage IVorii more or less peaty soil is found in the ta^o of many 
withering grounds. Some such state of things hoMa good in the case of 
the following \raterworks among others, and as regards a large portion 
of their gathering grounds : — 

Botley Corporation Waterworks ; Barnalcy Corporation Waterworks ; 
Barrow - in* Fur Ees« Corporation Waterworks; Bluckhurn Corporation 
Waterworks; Preston Corporation Waterwurks, iSrc, 

There has thus to be (considered in connexiou witli moorland 
gathering grounds, not only the presence of peaty c,iil but the nature of 
the dmnagc from such sioil — whether slovv or rapivl. For *»f two 

r^thering grounds covered with n j^imilar amount of |>etit (superlicially 
and in depth), tlie on«^, from porogity of the rock underlying the peat or 
from the* hteepnes!^! of the hill slopes, nr from both tliese causes eomhined, 
might yield a neutral oi' only I'junlly acid water; whereas the other, 
from the presi^iiee of clay beds beneath the j^ieat, or ihe flatness of 

I the ground, or from IxJth thes** etiuses combined, might facilitate 
nation of \Uq ruin in the peat, and i40 yield a highly acid waier. 



CBRTUN DiFFfRENTlAL CONDITIONS OF THK SEVERAL W^ATERWORKS 

AND (iATHERlKG AhEAS SUKVEYED IX tilElK UELATION TO 

PlUxMBO suLVKNCT. (See detailed Surveys, heading "Sources of 
the Water Supply and grntTid description.") 

As might be expt'cteil, the gathering grounds of the different water* Sitaatbnol 
^Torks are frequently s^ttnatcd at a considerable distance from the towns ^SjmI* mr«w 

supplied with water hy iheui. tiotttoiheiirQ* 

* ' Atipplied with 

This circumstaDce ia one of importance, l>ccauj»e the ** mere delay ** water, 
ol a water in the impounding reservoirs nnd^tf* nubsequent passage 
through, in many eases, niiles of iron pipe to the service reservoir, may 
conceivably produce some alt<'rati<m in the composition of the water. 

The gathering grounds of Banisley, Barraw-in-FuraeBa» and Bradford 
thigh level) Waterworks are situated about 10 miles froui the toims of 
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the B&me name, Batky, Blackbarn, Morky* Bradfonl (low level), and 
Prefiton Waterworks are alttiated aboDt 20 miles from their chief areas of 
supply. The most distant part of the gathering gronnd supplying Leeds 
with water is situated 22 milee away. AV'akcficld obtains its sipply from 
gathering grounds dbtuDt 26 miles. 

In a later report it will be shown what llie effect of "storing" 
moorlatid water h as regards acidity, 50 far, indeed, as thit* can be 
judged of by pladhg such waters under laboratory couilltioDS of 
exi>erimeiit. Hero it may be ^aid that the gtiieml outcome of iheae 
experiments was as foJlcws : — When an «cid peuty water was stored 
lor varying periods in completely filled an^l stoi>pered bottles, the 
acidity was usually only very slightly reduced In amount, but practically 
never differed an increai-e. When such water was kept in uii^tuppered 
and partially filled bottles there was usually a tlistinct loss of acidity. 
These results indicate what might be expected in the c;ii?e of a water 
which has a comparatively long stay in conduits or pipes. 

Under the heading " Capaa'tt/, ^. of I^csvrvoirSf*' notc^ hare been 
usually given of the capacity, depth, area, and top water level of the 
fttorago reserv't/irs. The grciiter the capacity of the reservoirs the more 
complete is the sedimentation of the waler likely to be and the Iciis likely 
is the wntrr sent into consumption to show the resultj; of the entrance 
of storm water. Moreover, the greater the eai»acity of I he storage 
resciToirs, as just indicated, the longer the delay will he between the 
primary collection of the water and its final transmission to fUe 
consumers. But it must be remembered that I he heiJ of some of these 
reservoirs is composed of peat, and thot fresh peaty matters nre washed 
into Iho reservoirs with every st>rm. In eonsequenee, alrhougli there 
tnay be a loss of acidity due to long oxf»osure of the water to the action 
of the air, there may alsu lie a gain in ael<lityd!ie to fermentative changes 
in tlie beil of the reservoirs. 

These storage reservoirs, as might b? expeetc^l, are sltuateil at a 
considerable height above sea level 

llius the top water level (in feet) of Black moorfoot reservoir (lludders- 
lield Corporation Waterworks) is 831 ; of Grairaliffe reservoir (Shipley 
Waterworks) is 845 ; of Lanshaw reservoir (Colne Waterworks) is 858 ; of 
Cant Clougb reservoir (Burnley Waterworks) is 924 ; of Col dwell reser- 
voir (Nelson Waterworks) is 94^5; of Withen's dough reservoir (Mori w 
Water pi'orks) in 960; of Kingfttone reservoir (Wakotield Waterworks) ib 
"91*4 1 of Watersheddol reservoir (Keighlcy Waterworks) is 1,101* j of 
Dunford Bridge reservoir (Dewsbury Waterworks) is 1,1 OO ; of Readycon 
Dean reservoir (Oldham Waterworks) is 1,268; and of Ply reservoir 
(Halifax Waterworks) is 1,350. 

In depth the* storage reservoirs vary Irom less than 30 feet (Sheep- 
house leservoir, Bacup Waterworks) to 100 feet (Entwistle reservoir, 
Bolton Waterworks). 

The area covered by the reanrvoir may be less than 10 acres (Eldwick 
reservoir, Shipley Waterworks) or more than 1^0 (Fewston tmd 
Swinsiy reservoir, Leeds Waterworks). 

As regards capacity, this may be less than oO million gallon a (Heeh^n- 
Imrst rcservnir, Burnley Waterworks; and (P^ldwich reservoir, Shipley 
Waterworks) or more than 900 million gallons f Swinsiy re4»ervoir, 
Leeds Waterworks). 

It has been already noted that there arc no storage resenoirs on 
the gathering grounds of the Blackburn and Preston Corporation 
Waterwcrks. 
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When the enormous cnp/icity of some of these reeervoii-s is considered 
in i^elation to the fat^t of observe<l aciilitj in tlie water contnined in them, 
the importance of obsRrvalions on this point is evidi^nt. A large reser- 
voir mi^bt jiermit the storHg« for subsequent consumption of huodrcda 
<»f millioijo of gallons of ouid waier, ntid water, uifjreover, ea(>ab!e of 
diMolviD^ lead to a dn Qgeroes extent. 

It will have bf»en rioted that the arraugemeiitH for tioUectir^g and Difforciu rood^t 
^luring the water m the <lit!'erent watenvorks vary a gciod deal/ Not ilo^J? " J^t iS? *°^ 
4mcoramonly an embankment is erected across a narrow valley 20 as to water.andof 
form a ref?ervoir above it, imo which all the streams draining the hills J^5«umption, 
on either aide flow, but which derives its main source of supply from one 
or more stream:* entering the upper end of the reservoir* Also there 
Are fretjuently catch water conduits wliicb may follow the contours of 
the neii^bbouring lulls for several miles, collectirg all the water 
^l raining from these bills, and eventually iliecbarging their contents 
into the reservoir. 

In the case of Mork-y Corporation "Waterworks, there is only one 
reaen'oir, and it if supplied with water aa follows t On the north aide 
three streams and the water from a catchwater conduit draining a large 
iLT^a of moorland. On the south Bide three striama aud the water from 
another catchwater conduifc draining a considerable tract of moorland. 
At the upper «ud of the reservoii* the water from the main iulet Btream 
enter*. 

Sometimes a catch water conduit is responsiblo for the main bulk of 
«opply water to a reservoir. 

In the case of Wakefield Corporation Waterworks there is only one 
reservoir on the gathering ground, and practically ita only source of 
uupply is from Mos^^moor aitchwater, which is nf^arly 5 miles in length, 
»i]d collects at it« upper end the water from a moorland stream — 8pa 
Clongb. Along its course this cati^h water receive« the dtainoge from a 
very large tract of moorland. 

Occi^-ionally there are no storage reservoirs on the gathering gi*ound9| 
the only reservoirs being the service ones. 

In the case of Blackburn Corporation Waterworks iha water from th« 
Brennand and Wbitendole Valleys is received in each inslance into a 
screen chamber. The water, after passing in each ioKtanoe through a 
screening chamber, is carried bv a 30*inch cast-iron |>ipt> from th© 
chamber to Footholrae, Hero the llreminud and Whiteinbd^ waters unite, 
and are carried in a single 30* inch main < Bow land main) to three iervice 
reservoirs. Preston Corporatiou Waterworks derives its snpply from the 
Bivers Langden and Hareden, in the valleys of the same name. The 
water, after passing tbrnogh a screen chamber in each instance, unites 
and passes along a covered conduit to the gcrvice reservoir-j. Nelson 
Corporation Waterworks derivcR part of ir* supply from the Ogden 
Valley. Here there is no reservoir (except for compensation purposes), 
the water being taken directly from a moorbmd stream known as Ogden 
Water, and led on to tilters; thence after filtration the water is carried 
by an iron main over Pasture Head to Nelson. 

Somntimes, in connexion with waterworks, an arrangement exists 
whereby water collected on a gnttierlDg groniui may be sent directly 
into supply during fair wc^ntbrr flow, and indirectly, through storage 
reservoirs^ during slorni time. 

In the Greenfield supply of Ashton-under.Lyno» Staljrbrldge, and 
Dukinfield (district) Waterworks a number of valuable springs exist on 
the west side of Yeoman Hey reservoir. During tlooda their water flows 
into the reservoir, but under ordinary conditions of the rainfall the 
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Springs are allowed to discharge into a ootnmon channel leading to 
settling and straining tanks, from whence the water can be sent directly 
into cciDsamption. 

In some of the waterworks there is a large number of reservoirs on 
the feathering ground, a circumstance which may mnlerially nffect the 
rjnality, «a regards lead dit^sulving properties, of the water delivered 
to the consumer. For example, Otdbrim Corporation lia^ no less than 
four reservoirs on tlie Dcnshaw gathering gronnd; cither five reservoirg, 
and a sixth in course of eonstniciioii (two are used only for com- 
pensation purposes), on the Piethorn gathering ground ; and, furiher, 
two reservoirs on the Castieshaw gathering gnuind. Much of the 
water at Ohlhsun, therefore, has to pa^^s through a nujnher of re^rvoirsr 
before being carrietl into consumption. 

The following is an instance of a water the character of which is 
materially altered by passing through a series of reaervoii-s. Roadyoon 
Dean reaervoir is supplied irom a moorland stream. The water from 
Beadycou Dean passes iuto Crook (late rei*ervoir. Dowry reservoir 
reoeivea tbo water frum Crook Gate and Dowry Beck, and diBoharges 
into New YeHr*s Bridge. From this latter re-'^i'rvoir the waler is 
conveyed by a tunnel and line of pipes to Ilimging Lec^ reservoir. A 
main carries p^rt of the water from this resorrotr to the higher parte of 
Oldham, bat most of the water ifl allowed to pass into Piethorn reservoir, 
and from thence is conveyed by another main to Oldham. 

Not uncommonly waterworks derive their supply from several 
different valleys. The wjjter in lbe:*e rases miv be either mi^ed before 
being f*ent info consumption, or sent in an unmixed condition f«> 
different portions of the art-ti supplied, 

Fur example: Halifax Corporation Waterworks derives its supply fitjm 
t» collects from Hehble, Luddenden, Widdop, and Grcavc Valleva. There are three 
Several T^eyf. eystemis of supply, namel?» the Ogden system (Hebhle Valley), the Fly 
and Dean Head ayetetn (Liiddenden Valley), and t'he Widdop'and Greave 
system (Widdop and Greave Valleys) Briefly stated, the arrangements 
for collecting water are as follows : — Ogdtn reservoir is finpplied with 
water from Ogden and Skirdew Cloughs, nnd by means of a conduit t^e 
reservoir water IB conveyed lo Ramsdoii Wood reservoir. Fly reservoir 
is supplied chiefly from a catch water drain IJ miles long. The water is 
used chiefly for ton^penfiation purposes. Luwcr Dean Head rcEervoir 
is Fupplied from Upper Dean ileatl, which is fed chiefly from two 
moorlaud streams. Lower Dean Head reservoir water unites with 
the water from the Widdi>p and Grroave Bystem, and the combined water 
iliscliar^es into Ramsden Wood reservoir, Widdop reservoir is constxacted 
On the ^^'iddop stream, and ulsort'ceives, by means of a tunnel, the water 
of the Greave Valley, so that there is one reservoir for the combined 
drainage uf two valleys. The water from this reservoir is conducted by 
pipes aud tounel to Shore End Wood, where it joiUB the Fly and Dean 
Head water and poss^f a with it into Eamsden Wood reservoir. Thns 
Kamsden Wood re&ervoir contains the minced water from the Ogden, the Fly 
and Dean Head, and the Widdop and Greave B;ys terns. The water from 
Ramsden Wood ifl carried to the Albert and Victoria service reservoirs for 
distribution in the boroiigh, Widdop, Fly, Upper and Lower Dean Head* 
and Ogdon reservoirs ase storagti reservoiri^ situated on the gathering 
gronnds* Ramsden Wood, Albt^rt and Victoria reservoirs arc eerriee 
reservoirs, the first named beinf? used for mixing and then screening the 
water, and the two latter fur diirtributing it in the town. 

Admixture of water from various systems and of different origins may 
he of gi^at impckrtnnce as regards pluiubo-solvoncy. It may, for example, 
li« beneficial, ai* where the water from one ^^stem is acid, while the 
water from ti^e other s\stf'ms is nut otdy neutral, hut po'^^cssed of acid 
neulralisingahilily. In such a catiu the mixture of all the waters logeUier 
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ma J produce a water free from even tmces of net J* On the other haod, 
as has been iodicated, it may be liannful, aa where a neutral wat^r 
is supplenifnted hj a large volume of peal) winter, capable of actin«|j 
upon lead. 

In the case of Bradford Corporation Waterworks there is a high leyel 
and a low level serrice. The high level supply is obtidned from the 
Thornton Moor and Stnbden Valleys, and the low level supply from the 
tipper and Lower Barden Valleys. Tho former is used for the higher 
ana the hitter for the lower levek of the town In the case of Rochdale 
Corporation Waterworki* there are three svstems of eapply, namely, 
Hamcr Paeture, Spring MilU and Corvin. The mains from these treparate 
Bys tenia are connected together, so that the water tupply can he afforded 
either separately or in conjunction, as circum.*tancei< rt-qniro. 

The following is an instance where a waterworks supplements its 
own supply, free, so far as can be ascertiuueil, from serious ri^k as 
regards lead, with water from another drainage area belonging to 
diderent waterworks which is liable to yield water with a <leeided 
plumbu solvent action. 

By agreement with the Dewahuiy and Heckmondwike Waterworks 
Board, the Corporation of Barnsley pnrcbase from the board a minimum 
quantity of 20,000/XK) gallons, 01 a maximum quantity of 40,0a\000 
gallons per annum, which they may commence to tako on July lat in 
each year, and continue to take at the rale of 200,000 gallonjs per day 
for a minimum of VM) days or a maximum of 200 days consecutively. 
The njaximum quantity hajs been taken only once, viz» in 1893. Tfie 
water thus purchased from the Dcwsbuiy and Heckmondwike Water- 
works comes from Uurniord reserxcirsj and discharges into Brradstone 
D>ke, ft moorland stream which enters the upper end of liigbirchworth 
reservoir. This water was acid on July lltb, 1895, whereas all the other 
waters tested on the Bamsfey gathering ground on tho above date were 
neutraL 

In connexion with Batley Corponaion Waterworks there is an 
arnmgemeat by mean^ of which the stream* Mmr ihn level of the 
storage reservoirs are intercepted in dry weather ami luken direct to 
Batley. All the n^ain streams and subsidiary feeders and springs io 
the Ramsden vulley below the level of Yateholme reservoir are 
collected nt one jM>iiit by iron conduits regulated by \ enstocks ami 
sluice valves in order to intercept the dry weather flow which would 
not grnvitatc into Yateholme res<»rvoir. This wnter is then ttiken 
direct to Batley, ini^tead of being allowed to run into the compensation 
reservoirs. Such an arrangement has the iulvaiiiii«je that the reservoir 
water can under ordinary conditions be kept at a lii^h level without any 
flood wfiter boino; admitted into it. 

Drainage areas. — A note has usnally been givt^n of the size of the 
drainage urea of the different waterworks, and where a waterworks has 
more than one drain»ige area, the sif.e of each separate area has commonly 
been slated. 

From consideration of these data it appears that in not a few eases the 
drainage areas, although sufficiently large to yield an adequate supply of 
water of all sorts (ix'., indcpcndenlly of itn qiiidity), may y< t be to<i 
amall to allow of careful selection of water according to (jUBlity. In 
aerernl instances the drainn^e area* can yiehl suilicieni, w liter to the 
waterworks only when ^^ stonn '' wat<*r \\h well as *Slry weut!»er flow " 
is utilised. xVs regards lead, however, sufficiency of the total collecting 
area is lees in question thfin tho phy!«ic«il clmracters of the area. Of 
two drainage areas similar in size^ and witti tho same rainfjdl, the one 
may be ample and the other insufficient in as far as eupply of water of 
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proper qnality as far as lead is concerned, becinse the one may yield 
little or no peaty water and the other may yield water derived almost 
solely from the drainage of land rich in peat. 

Sheffield and Leeds Corporation Waterworks havo large drainage areas, 
namely, Sheffield, 15,703 acres (total drainage urea of existing works) ; 
Leeds, 17,047 (Fenston and Svrinsty drainage areas). The smaller water- 
works have naturally much smaller drainage area, for example, Bacap, 
285; Shipley, 1,248; Morley, 1,200; Colne (Laneshaw drainage area), 
779 acres. 

It will lie noted that often there is a considerable difference Ijetween 
the average yearly rainfall on the gathering grounds and the areas 
supplied with water, and that in nearly all cases the rainfall is heavy on 
the catchment areas. It is, indeed, this circumstance of heavy rainfall 
on upland gathering grounds which allows of a sufficient body of water 
beino^ collected For waterworks purposes fro.-n sometimes a comparatively 
small drainage area. To take a few examples : — 
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Waterworks. 




Area Snpplied. 


Gathering Groond. 


Barnfley - 


. 


- 


2512 


38-15 


Barrow 


. 


- 


38 


52-57 


Battery 


- 


- 


23-87 


58-43 


Blackburn 


. 


- 


88 


59 


Oldham - 


- 


- 


36 


42 



Often the greater the dis^tance between the area supplied and the 
gathering ground, the greater also is the difference in the rainfall 
observed to be. In the case of Bailey Waterworks the difference is 
nearly 60 per cent. 

The highest rainfall on a orathering ground appears to be the Harcden 
gathering ground of Preston Waterworks, ERmcly, 73 * 33. The Langden 
gathering ground of the same waterworks is 71*75. The rainfall at 
Preston is 35 "86. The lowest rainfall is found on the Coldwell 
gathering ground (Nelson Corporation Waterworks), namely, 30 inches. 

Preceding the notes on the character of the gathering grottndy a 
table has in each instance been given of the rainfall for the month 
previous to the dale of inspection of the waterworks, the reason being 
that the conditions found to exist on the gathering ground were 
found to be largely dependent on tiie rainfall. This circumstance 
has to be borne in mind in consideration of every gathering area, and 
particularly as to the lead dissolving properties of water derived from 
it. Thus, 1 have often found that a stream which supplied a reservoir 
with a neutral water during dry weather yielded a highly acid 
water during storm time. 

To take one or two examples. On June 18, 1896, Thornton Moor 
catchwater conduit (Bradford Corporation Waterworks) contained a 
neutral water. Prior to this date there had been very little rain. When 
the rain came a sample was obtained (July 2), which was said to represent 
storm water. This sample, however, was also neutral, and it possessed no 
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plaiabo- solvent abilitj. As tbis sample ilid not appear to bo in r€«.Utjr 
vtorm water, another was obtaiiied on Joly 5, 1895. This last sample was 
discoloared with surfa€€! peftty water, and Indubitablj repreaented flood 
water. It was foand to be strosiglj acid, and to be posseased of rerj 
coiksiderablc plmnbo-aolrent' ability. 

On October 8,18&4, Mossmoor catohwater conduit (WakeBeld Corpora* 
tion Waterworks) contained very little water» and what water there was 
was derivtd chiefly from springs, the surfeice peatj water boin^ nearly 
all dried up owing to drought. Tbia water was neutral, bui on Kovem- 
Ijpr 7.!8^H (a time coincident with heavy rainfalls), the water was 
foT distinctly acid and to be capal>)e of dissolTiug lead to a rery 

cc ; c extent. 

It is important that the notes on the characters of the gathering 
grounds and on tbe conditioDs found to exist ou these gathering 
grouncU b*^ read in relation to the rainfall previous to the date of 
ins[)ecfion. 

It will havie been noted that in describing the waterworks reference siortttwaltr* 
li repeatedly made to the existence (or otherwise) of means for 
excluding storm water. Where such arrangement exists it may work 
AUtoniiiiieally or be under the control of Ihe foreman of the waterworks. 
To the hitter there is the serious objection that it must ofien be 
impossible, in the event of one of those sudden storms which so 
fre<|oenrly break ever moorland jjatheiing grounds taking place, to get 
the Hood water turned down the storm water course before serious 
fouling of the water in the reservoir has taken place. Moreover, the host 
intentioued of foremen may be hampered by instructions of the oHieials 
of the wiitorworks to keep the storage reservoirs plentifnily supplied 
with wuler, no mutter what its quality may be* I would not be unier- 
stood to imply that wherever I met with liability of storm water lo 
|XxUute the supply, danger existed in consequence of tho ability of such 
e^iorm water to carry into the supply organic matter of aniiual origin 
patent udly dangerous (e^jf,, in regard of enteric fover) to the water 
constiraer. It is right to rtbservc that in most eases the whole of the 
drainage urea is owned by tbe water authority, or, at leant, lb subject to 
borne measure of control by the waterworks nlRciaU. Ou mnny of the 
gathering ureas leported on, the likelihood of d.-jnger of the above sort 
arising .seems exceedingly remote.* 

But fouling of the water with organic matter of vegetable origin, whicJi Compariion 
must needj* occur on any gnthering ground where storm Wiiter is wwiTherflol?' 
admitted to the supply, is chiefly of importance because sueh fouling is *ntr' storm •' 
liable to bo assoeiated with jioquifition of the properlies of aciiti ty and 
plum bo- solvency by ihe water.f The importance of \hh subject wiM l»e 
understood when it is stated tliat the "dry weather flow" of many 
moorland water supplies is neutral and free from action on lend, btit 
that the **tjtorm water" in netlrly all cases is distinctly acid and po?st*sse(l 
of consldernble plumbo-solvont Mliility. As an example of a satisfactory 
amingement for exeluding stonn water from tlie waterworks, reference 
may be made to the note on Bailey Corponiiiou Waterwork?, Also to 
the case of Oldham Corporation Waterworks, wljere flood water is 



♦ Tho!* in the case of the Barroir*in-Fume?», KeigUley, und (iltlliuiu Wttt*?rworki, 
among oih«;rn, ihtMr respective corporation* own nil, or nearly nil, the laid bordering 
tbe re*ervoir«, and ihe stTenma (supplying the reservoirs and the waiersLeds may be 
costtidcred to be in large lueu.sure free from nak of daageroup^ poUutioo. 

t At the j^ame time it U open to qiie^tioa whether tlie brgt- atnouat of vegetable 
organic matter preheat m eoaio of tUe^e nafiltered moorlnod water suppliei taay not, 
^f r te be prejudicial to health. 
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excluded from all the reservoirs used for domestic purposes by means of 

storm water courses. 

In Burnley Corporation Waterworks, on the Cant Clough gathering 
ground, there is no arrangeTneiit for excluding storm water from the 
waterworks and the whole of the water draining from the gathering 
ground has to pass through Cant Clough reseiToir ; in consequence, after 
» flood the water in the reserroir may be foule<i. On the Swiuden 
gathering ground, on the other hand, a watercourse runs along one aide 
of Swinden Reservoir Xo. 1, and by ite raeans storm water can bo 
excluded from the aupply. In Morley Corporation Waterworks on both 
sides of the storage reserroir are bye-channelBt which are continued up to 
Withen'a Clough at the upper end, and which pass down the sides of the 
embankment, to unite bciOw in tVie bed of the same stream. They are 
designed to carry storm and overflow water to compensation. They can 
ftlso be used to carry away the whole flow of certain of the inlet streams, 
when they are turbid and discoloured after a storm. In Nelson Corp<^ratioii 
Waterworks, on the Cold well gathering eronnd, there is an arrangement 
by means of which the water from all the streams which discharge 
ordinarily into the reservoir may be turned down a storm water course. 
In gome coses where there is no provision for excloding storm water the 
water is '* treated** before being sent into consnmption. For example, fl 
Roohd&le Corporation Waterworks. Sometimes, although thei*o exist ■ 
meatifl for excluding storm w*ater, ejcigencice of providing wn adequate 
inpply necessitate the utilisation of some, at all events, of the Btorna 
water. For example, in the case of the Blackmoorfoot supply of tha^ 
Huddersfield Corjioration Waterworks there are si dices in connexion ^ 
with the catch water conduits to turn storm water to compensation. 
When Blackmoorfoot storage reservoir is low, however, the storm water 
is allowed to enter, thereby fouling it to a serious extent. 

As a single example of the difference between fair weather flow water 
and storm water, reference may lie made to the Oldham Survey, Dowry 
Beck, on May )6, IS96 (dry weather flow), yielded a neutral water^ and 
one free from plnrulH^-solvent ability (experiment 7), and on August 3, 
1806 (s tor II* water flow) a water strongly acid and pospes^^ed of con- 
siderable plum bo-sol vent ability (ex|)eriraent 10). 

Ir would, of course, lie impracticable to require, in the case of a water 
supply of moorlaiKl origin, tliat flood water should bo excluded umler all 
circuuistanres and at al! times. But it should be recognised that the 
unregulated admissioH of flofxl wf*ter is the priticipal cause of tlie acid, 
and therefore objectjonable water, which is, in some instances, almost 
continuously supplied to the couFumert*. For iristaoce, during sum- 
mer drfiiight for weeks, possJihly for montbs, a rr-ervoir may be 
fed with water, small in amount, but neutml and free from plumbo* 
solvent ability. Meanwhile, the water in the reservoir sinks lowei 
and lower, until possibly there is danger of a w^ater famine in the 
area supplied. Then a storm comeSf and it is to be understood that 
storms on upland gathering grounds are frequently ^'f almost tropical 
neverity; the consequence is an enormous bulk of water, derived often 
from the surface draiimjj;e <)f peat, aud carrying with it gi-osser particles 
of peat, is brought down. If the whole of this storm water, including! 
the first washings of j)eat, is allowed to pass into the reservoir in order 
to raise the level of the water as speedily as possible, fouling of the 
supply, with dangerous results as regards acidity and consequent 
plumbo-solvent ability, will occur, and may contiiiue fur ao inde6 oit» 
time. 

^r^^tjnti Besides the arrangement for excluding storm water in bulk from 

*• •torm water " Storage reservoirs, many of the moorland gathering gi'ounds have arrange*! 

iSStogrtrSJilr ^^^^^ "* connexion with tlie various subsidiary feeding streams ~ 
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preTenting peaty matters from cnterlu«i;^ the waterworks. Thus in con- 
nexion with Black barn Corponition Waterworks, at the intake from 
each tribiit:iry stream iu tlie Whitendale Yal'ey there is a collect- 
ing pond having a rough stone filler at its upper eufJ, through 
which all the water pa^sca before reaching the conduit leaditig to the 
work5 Moreover, storm water i^ prevented from entering these 
conduits by roeana of " leap " weirs. Tlie^e are mechanical contrivances 
Hriiich permit the dry weather flow to drop through au opening leading 
to tfie conduit, but which prevent flood water (which usually me/ti is acid 
peaty water 1 from «io entermg itvto the water supply, owing to the great 
velocity and volume of the storm water carrying it over and bt^yo^id the 
opening leaiJing to the cooduit^ and so onwards into the stream, to serve 
86 *' compensatioo " water. Another method of cxchiding peat brought 
do^rn by moorland streams is illu.^tratod at the Denshaw system of 
supply of Oldham Corporation Waterworks. Here Dowry Beck, a 
moorland stream drainiug a large tract of moorland, is provided with a 
** wret'k lodge '* at its lower end, so as to keep liack peat and debris 
from entering Dowry reservoir. It is also to be notinl that, with a 
similar object, the main stream-! in the Castle^ha ,v system of supply are 
pitched to the erf^st of the hill, in order to prevent the denudation uf the 
side? of the 't^allgys. In the case of WakoJield Corporation Waterworks 
the chief supply to Kingstone reservoir is from Mossmoor Catch water. 
This catchwater conduit is nearly five miles in length, and receives 
along its coiirso the drainage from a very large tract of moorland. 
Here in certain instances the watt^r draining from the moors is led into 
H basin BO constructed as to keep back the peat. A Biniilar arrange- 
mem 13 used on other gathering grounds in connexion with certain of 
the large streams and those which contain most peaty Wiiter. 

In tiie description of the various waterworks attention is repe:itedly 
drawn to the small proportion of spring w-aler present as compared with 
surface water, and since most of the gathering grounds are moorland in 
character, it may be atlded as compart^l with surface peatt/ ivater. As 
examples of waterworks very deticient in s[>ring water may be men- 
tioned liacyp Corporation Waterworks, Halifax Corporation Water- 
works (Fly dnuoage aren), Bradford Corporation Waterworks (Thornton 
Moor supply), Iludderslield Corporation Waterworks (Blackmoorfoot 
j^npply), Keighley Corporation Waterworks (Watershedtlels supply), 
Morley Corporation Waterworks, SlieJIudd CVirporation Waterworks 
(high level supply), Shipley Waterworks, and Waketield Corporation 
Waterworks, As examples of waterworks where spring water is more 
abundant the following nay be noted: — Dlaekburn Corporationi Water* 
works, Bolton Cori>o ration Waterworks (High Kid i>upply), Bnulford 
Corporation Waterworks (Stubdeu supply and Barden supply) ; Burnley 
Coriwration Waterworks (** Springs *' suf^jdy), Coliie Watt- rxvorks (Flass, 
Barnside, and Bonnie Booth supplies), Lecd^i Corporation Waterworks, 
Nelson Corporation Waterworks, PrL'ston (Corporation ^Valerworks, 
Rochdale Corporation Waterworks (Spring Mill supply), and SheOiehl 
Corporation Waterworks {low level supply). The question of the quality 
cf spring water as compared with surface water^ and iheir relative 
Abundance on moorlaml galhering grounds, has Ijeen considered al>ove. As 
h»is been sjiid, the acid neutralising nbility of moorland spring waters 
although not great, is lairly uniform in eharacten On the other Inind, the 
ncidity of peaty waters may a^d does vary within wide limits. The 
ultimate state of a mixwl moorland water ilepends, llien, vvv}' largely on 
the relative proportion of spring and peaty waters, and upon the degree of 
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•prififf! VfViU'f in 
rttlftliou to tbo 
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quantity »Dd 
amount of 
acidity of th« 
surface peaty 
water. 



ArtiHcial 
mixtur« of 
n*'ntr«l sprinff- 
wat«r with a<^id 
peaty water. 



acltl ntjiitralt^iiig ability of Ihe Tormer, and lite nmoant of aeidit^r of tb<? 
latter. Somelimes the beoeficial effect of a fiurljr abundant supply of 
spring water h '* lost" in tlie btwl quaiitj of a comparatively small bulk 
of peaty water. Again, sometimes tiio spring water is relfttively f^mal 
in amount anil the peaty water abuodaut, but the latter may be so 
sll^lnly peaty in character as not lo overcome the acid neutniLising 
ability of the spring water. 

The following laboratory e3tpenment« upon mixture of neutral sptiug 
and acid peaty water may be here cited. 

Eqpal putts of the Wicken springs (1, 2, ii, 4, o) were mi xetl together, 
and this mixed spring water (which was ncutnil ancl free from action on 
lead) was mixed with Higher Swincsh^.w Reservoir water in equal 
projHirtion, The result was that the mixed water was neutral and 
did not act on lead, whereas the unmixc<l Higher Swineshaw 
Reservoh* water acted distinctly on lead, nml was very appreciably acid. 
(Table 1.) 

Equal parts of** spring ** water which did not ai!t on lead, and which 
waa oeutnil, and Cant Clough Beck (storm wnier) which waa very acid 
and acted strongly on lead, were mixed together and kept in an un- 
Btoppered bottle for three days. When tested the mixed water was 
found to contain only traces of acid, and to act en lead to a barely 
appreciable extent. 

Eqtial parts of mo3S spring water which did not act on lead and wad 
neutral, and Thornton Moor Reservoir water, which was acid and 
dissolved leatl, were mixed together. After standing overnight the . 
mixed water was found to contain merely traces of acid and to have 
praetically no action on lead. 

The gradual change of re-aetion in a moorland stream from an acid to 
a neutral water as the result of the entrance of a mi tuber of subsidiary 
streams containing neutral spring water was well exemplified in the 
case of the River Don. The water from the up|ier i*eache3, namely, from 
Grain, Little Grain, and Swinehill CJoughs was decidedly acid in re- 
action. These streams contained cliiefly peaty water and very little 
spring water. In its course downwards the Don, ae the result 
apparently of the ingress of ei^ht neutral streams coutiiiuiug chiefly 
April] g water, gradually changed in re-actio:i from a water disiinctlj 
acid (o one less acid, and finally, and before reaching Dunford 
Reservoir, to a water neutral and free from ptumbo-solvent ability. 

The evidence of the foregoing experiments, as well as field obser* 
vations, illustrate the importance as regards acidity and plumbo-soh^ent 
action of mixing neutral spring water with acid peaty water. I'Vequentlj 
a waterworlis supplies a mixture of fciprinj/; and surface water to all the 
consumers. The supply in such case will, as regards lead, have at one 
and the .s^mo tin*e the same properties throu;^hout the whole area served 
by the waterworks, and in many cas'js the result of the mixing will be 
a water of uniformly sat is factory quality. But in instances already 
alluded to, wIkto the mixed water from one valley is sent to one place 
and the mixed water from another valley to another place, different 
portioits of the distributing area may receive water of quite ditierent 
chnnw*ter. And at some waterworks, the spring water is intercepted 
and sent direct to one area, and the peaty water which has accumulated 
in a storage rcscrroir to another area. 
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In the cn^n of Ashto:t. Suilybi itlgo» titxd Djkiuficld Wiitcrworks k 



uiiiple 



Joint Committee, c.?rtain of the towns (or portions of them) Bapplied showing ili at 
saflered to a serious ex*€nt from It^ad jxtisoiitng due to water Rupply. 8upply^\*iJe^e^t* 
Tbese same towus were beiug aupplied with water of t'liallu differvnt places wittiin 
duMracter from the water BUpplied to the arca-^ exempt from lead tii«iT area or 
ptjisoning. The arrangements on thes** waterworks are such that almost w^^rordiffereiit 
pore Fpring water unmixed with peaty water can bo and was. at the time quality, 
of tay inspection, supplied direct to certain area?, and that other areas 
received peaty water almost unmiied with spring water. Briefly stated, 
pari of the total area supplied received a* neutral water j here there was 
DO evidence of lead poisoning. The other part received an acid peaty 
water, and s^uflered from lead poisoning, llie above conditions obtained 
prior io Deoem1»er 1894. Since then remedial measures have l>cen in 
operation^ namely, •* treatment '* of the acid peaty water with lime. 
Coincidcrjt with ihe time when the beneficial effect of the ** treatment '* 
showed itself in an improved condition of the water, lead poisoning was 
no longer complained of. 

In the caae of Hndderafield Corporation Waterwork?, Blackraoorfoofc 
roecrvoir, which contains much peatv water, hs» two mains laid from the 
north and south tunnel entrance. The north main carrioa the water to 
SuodJey service reservoir, but first unites with the water from Longwood 
Reservoir, a supply which, it is stated, is derive*! chiefly from hillside 
springs. From the service reservoir^ water is distributed throughout the 
town of Hudder:«field» and is nlao token along the Leeds Bead for the 
supply of Mirfield and Ravensthorpe. The main from the south tunnel 
entrance at Blackmoorfoot conveys the water to nine villapea and also tf> 
a portion of Huddersfield. It follows from the above that the water 
sapplied directly from B lac knioor foot and that supplied indirectly after 
ftdmixture with Longwood water and sterag© in Snodle^' eeinnce 
rctwrvoir are likely to differ tho on© from the other in some important 
fwpecte. 

In Nelson Corporation Waterworks the uttfiltBre^l Coldwell water is 
conveyed through an iron pipe to ** Wades" House service reservoir. 
iSrom this it goes to Ncli^on Leing connected with tho main from Ogden 
in the centre of the town, so that Ogden water can, and does, under certain 
circumstances, reach tho service reservoir. The Ogden water, obtained 
fr^m a different valley, is filtered, and, as stated, is connected with the 
Coldwell supply. How far this arrangement affects the consumers of the 
water, either at one portion of the town as compared with another, or at 
different seasons of the year, is not known. 

Bradford Corporation Waterworks Irns two distinct sourcea of supply, 
namely* the ** high '* and ** low *' level. The former is obtained from the 
Benholme and Worth A^alleys, and supplies the high-level Bono of 
Bradford ; and the latter is derived from the Wharfo Valley, and supplies 
the low levels of the town. These waters differ in a number of respects. 

In Oldham Corporation Waterworks the Dcnshaw supply is stored in 
Hanging Lees reservoir. From this a portion of the water is conveyed 
by a mala to the higher parts of Oldham. The rest of the water enters 
Piethom reservoir and mixes with the wator from the Piethom 
gathering ground. From thence it is conveyed by another main to 
Oldham. 

Rochdale Corporation Wattrworks supplies tho town with water from 
Hamer Pasture, Spring Mill, and Cowm reservoirs. There is a single 
main in each instance conveying the respective waters to Kochdale* The 
mains, however, are coimected together so that tho water from the 
different systems can be afforded either separately or in conjunction, as 
circumstance recniires. 



Sheffield Corpomtioii Wftter?rorkB deriveg its supply from gathering 
gronndfi ivi E^dmires (high leTel 8upplj), and from the upland valleys af 
the Rivers Eivelin and Locksley (lovr-lerel supply). The chai-actor of 
these gathering grounds and the quality of the water are ease nt I ally 
diHereni;. 

The argument has someUmea been iiaed by the ofHclals of water- 
works t!«it the had quality of the water complained of in a particular 
area ( usually a small one) cannot possibly hold good, since no 
objection has been lodged against the qiialiry of the water in the 
chief area (usually a large town) supplied from the same waterworks. 
Sueh ail argument has Ijeen used in the face of the fact that a selective 
process was actually in operation, the larger area receiving water of 
good^ and the smaller area water of undeniably bad quality. 



Variftticm in thu 
quiaJity of moor- 
lanct water, 
according to 
Ihe rEiofAll. 



E4>-iM;tion of 
n^servoir water. 



SunMABY OF Evidence obtained at tfik actual Datem op 

SUKVEY AS TO THE CoNDlTluX IN RESPECT OF PlUMBO- 

soLVENT Ability of Untreated Water deriv^ed from the 
j^EVKRAL (jATHERiNiii GROL^'D3 visiTFj>. (See Special Notes of 

detailed Survey 8, heading (b),) 

It must again be insisted upon that the conditions found to exist at a 
parlieulijr date on the gathering grounds by no means necessarily 
represent the normal or usual state of thiugs. This is egpeci^ly true 
as regards the reaction of the water in the streams '* feeding" thft 
reservoirs, and to a raucli less extent as regards the water in the 
reservoirs themselves. Tlie observations as regards acidity given for 
oach waterworks in Section II. are to be read along with the amount 
of rainfiill on or before the tlate of survey. Thus, heavy rainfall may 
exagi^erate the normal or usual state of things as regards the acidity 
111 the various waters, whereas ** drought ** may create a favourable 
impression which is not borne out by subsequent observation. In 
mnny cases the condition of the water in the impouinling reser\'oirs 
affords t\ valuable guide as to iho average character of water yielded 
by a waterworks. Whereas the quality of the water in the "feeding" 
streams affords an indication of how good or the reverse the contributory 
waters of a [mrticular water supply may be under diffei*ent conditions 
of rainfall ; the quality of the '* stored " writer represents the sum of 
I heir variations, and shows not only the condition of the mixture of 
waters at the liu'.e of testing, but also the coodition in which the water 
is likely to remain io the future. For, although a reservoir may vary 
from timt^ to time as regards the tpiality of its water^ it may be statecl 
in genei-al terms that such water, whether ucid or neutral, tends 
to remain in that coudition for a considerable period, if not indefinitely.* 
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* In one case the inteiral between two teitbgn of tbo outlet water from a 
particular reserToir water wjis sbeat 4 J years y«t the figures as regards^ acidity tnd 
pluaibo-BoHeticy were nearly ideaticaL Some htress may be laid od ihii fiict, Icfit tr 
be too cAsily assumed tbat Iho coodiltoos obserred in the past do Dot hold good at 
the present, time. 
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The oQDditioQ of the reservoira, as regards the reaction of the water 


^H 


coQtaiiied in ihera, is bbown in the followiDg table : — 
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B£-AOTiOK of the Water in the RESEKYOtBS. 


1 


Bb- ACTIO?). 


KeotraL 


Acid, 


Befl^nroir, 


Waterworki. 


BewTYoir. 


Waterworks, 




Coloe. 


Thomton Moor - 


Bradford (liigh 


Stubdcn 


Bradford (bigb 




level). 


^^^H 




level). 


Opper Barden 


Bradford ( low 


^^^1 


Lower Harden 


Briwlford (low 




level). 


^^^H 




level). 


Vateholme (trace) 


Batley. 


^^^H 


Hij^b Bid • 

Swtnden 1 - - 


Bolton. 


Eiitwistle (trace) - 


BokoD. 


^^^H 


Btiraiey. 


SpriDgB - 


If 


^^^1 


., 2- 


It 


Dingle 


,J 


^^^H 


Heckeahnrst - 


If 


Caut CloDgh( trace) Burnley. 


^^^H 


P<«nQitigton 


BaiTOW-in- F urnesH 


Kingstone - - ! Wakefitld. 


^^^H 


Poaki beck - 


U tl 


Fewstou (?) 


LeedH« 


^^^H 


•.\jdi»iuy - 


Wakefield. 


Swiysty (?) 


j^ 


^^^H 


Brushes 


Ashton, Staly- 


Witbena 


Morlej. 


^^^H 




bridge, aod 


Upper 8wiiiei»haw 


A»btpii, Stttlj- 


^^^1 




Dukitifield. 




bridge, and 
Dnkinfield. 


^^^^^ 


CoMwell ^ 


NelfiOD. 




^^^^M 


♦Hamer 


Rochdale. 


Lower „ 


ri •» 


^^^H 


Spring Mill 


»* 


Brownhouse Wham 


Rochdale. 


^^^H 


Upp«r ItivoUji 


Shemeld (low 


Ckjwm. 




^^^H 




level). 


Upper Bedmires - 


8h(iiield (high 


^^^H 


Lower 


If If 




level). 


^^^H 


Strinei 




Middle 


i# f» 


^^^H 


Dale Dike - 


II M 


Lower „ 


»» » 


^^^H 


Ogdeo 


II tt 


Graiucliffe - 


Sbipley. 


^^^1 


Dam flask - 


fl II 


Ogden (trace) 


Halifax. 


^^^H 


Bamndeii Wood - Halifax. 


Fly 


If 


^^^H 


Xngbtrch worth 


Btirasky. 


U|ipcr Dean tiead 


»* 


^^^1 


Upper Longwood - 


IJadder«field. 


(trace). 
Lower Dean Head 

(trace). 
Widdop - 
Blaekiuoorfoot 
Wati-rHheddela 
Dynford Bridge - 

Pie thorn (? Iracu) 
Hnoging Lees 

(? trace). 
Upper Cafiileshaw 
Lower ,, 
New Year's Bridge 

(f trace). 
Crook Gate 
Dowry 
gheephouse - 


l!uddcr00eld. 
Keighley. 
DewNbtirj and 
Heckmondwike. 
Oldham. 
It 

11 
II 
It , 

1* 
II 

Baeup. 


1 


• " Treated ** wnten 


It appears from the above table that, out of 58 reservoirs, 23 were Moorland 


rewr* 1 


oeutral (alKJut 40 piT cent.) &ud 35 acid (aboul 60 per cent.) Theae J^JS'thST 


often ■ 


ngutim are Biguiticawt^ especiaUy wfaew tiie great capacity of some of the neutmK 
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Anmiint of 
Aridity. 



tAtninj? ver7 
iicid water. 



Be-aclion ol 



imj '• the 

?oir with ynleTt 



"fiflervoirfl, the degree of acidity, and the large ppuktion supplied with 
WAter, are taken iuto eon*5tderatioii. It niQstj how^ever, be remembered 
tlittt the water from the reservoirs is not always sent directly into 
eon sumption, it is frequently mixed with other water, or filtered or 
''treated** in some way, which partly or wholly removes lis lead- 
diasolving properties, and the towns supplied not aneommonty do not 
store the water in lead cisterns or use lead service pipes. 

As regards the amount of acid present in the waters, it may be stated 
that 1 1 contained only tracer, and the average amount in the remainder 
(where estimated) was in round numbers nearly 0*5 (in terms of 

cc. ^ Naj CO3 required to neutralise 100 cc* of the water). 

Of reservoirs yielding high figures as regards acidity, the following 
may be mentioned *— Uingstone, Upper Swineshaw> Graincliffe, Fly, 
Blackmoorfoot, Watersheddols, and Shoephouse reservoirs, 

Practicaily, in all cases where the water was found to he neutral^ it 
was also found to be devoid of plumbo-solvent ability. Moreover, when 
acid, the pi urn bo -solvency of the water was found to vary with the 
amount of tho acidity. 

On an average, and excluding cases where the action was hardly 
appreciable, the plumho-golvent ability was ' 85 (In m. grms. of lead in 
100 cc. of water after filtration through lead shot). 

Passing next to the re-actiou of the various ** feeding" streams 

(springs, catchwater conduits, rivers, &c.) the subjoined table is of 
interest. Owing to the large number of tests that were made only 
those streams are given which are of some importance* 
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Redaction of some of the Streams, Rivers, Springs, CATCHWATni 
Conduits, &o., on the various Gatheeing Grounds* 



BiB-ACTIOH^. 



Neutrtl. 



8lre»m<, ^. 



PIam. Baniaide, and 
Boonle Booth Sprinm. 

I^TiQihBW Bn>ok Catcn* 
wftter Ditiduit (Stub* 
den Reiervoir). 

Mom BpriBK W*ter - 

S. Cfttohwmtor Conduit 
(Upper Barden Re< 
Mrvoir). 

BadiBore Siko 

Filsliftw Biko 
Rlttlety Sikc ■ < 
Ratusdcn Clou,i?h 
Brennand River 
White ndiLle River 
aprings to Ilii^h Rid 

*^8pTinga" Supply 
EfttlimoKS Beek 
P«|kft Beck 



Waterworks. 



tJolncu 

Bnidlord (high level) . 

*» II 

Bradford (low lorel). 



Biitk-y. 
Blackburu. 

Bolton » 

Burnley. 

Barru win- Fn menu. 



8treftm5j &(»• 



Fottr p(«t fbedera 8. W. 

side Tboniton Hoor 

Bescrroir, 
North Catehwatftr 

Conduit ( Upper 

Barden Rcaervoir). 
Yethcra Gill 

Feeder to Well Siwinic 

ClouKh. 
Sioi\>' Clotiph - 

Oodahaw Brook - 

ftlouniain Stream to 

fiprioga Beverroir. 
OanlCIoqghBeck 

Oatcttwater Cbnduit 
to OaniClough Bo- 
aenroir. 

Swindeo Brook 

Mosmsoor Catchwater 
OoDdutt to Bin^* 
■tone Besenroir. 
Nov. 7th. tSM. 

Jack Olough 

Plotter'*) Dyke 



Bradford (Iii^h level). 
Bradford (low ]e%*el). 




It IB maoifestlj impossible to give for an/ of the waterworks sn 
mdicatioD of the proportion (either u regarda namber or jielcl of water) 
existing between the Deutrml streams and those that were found to be acid. 

Of waters remarkable for the mnoaiit of their acidity the following maj Axtr^aelj neld 
be mentioned : — wtlers* 

Wuter from bog hole about 1,4^ feet nbore sea lerel and near origin of 

Dowry Beck f Eipt. 8. Table 18). 
Dowry Beck during hea^T^ flood (Expt. 10, Table 18). 
Catchwater conduit to Blackmoorfort reaervoir (Kxpt« 2, Table 13). 
Yenomous clongbs (Ei^pta. 1 and 2, Table 2). 
Catcb water drain to Fly ?«8crvoir (Erpt. 4, Table 12). 
Gmincliffe, Weecher and Blaokdyke etreama (Bxpta. 1, 2, 3, Table 22). 
North and South catchwaters to Withen's reaerToir (Expt^. S and 11, 

Tttble le). 
Fletcher's dyke and Beep Slade stream (Expta. 7 and 10, Table 1$)* 
Cant Clongh Beck during flood (Expt. 7, Table 9). 
Thornton Moor catcbwAter conduit (Expb. !>, Table b). 
Peat feeders to Thornton Moor reservoir (ExpLs. 11, 12, and 13, Ttible 8), 

Speaking in general terms, and in rdntion to the observed acidity of »«i,iint" • 
reaerroirB and their ''feftlen?," it may Ik? ^id ihat the Blream« feeding Jj;;^^^;;^, 
the reaervoirfl were slightly more acid than the rcaervoirs tlimnaelvim, wiiu»riiiiuiu 
This, of course, migbt be exptcied to be the case, iinea ihu rcat^rvoim ''^^»«»'* 
usually are supplied from neutral m well a^ from acid «ilreiim»«. Furtbrr, 
excluding the reeults of fermenUtive cbingcs in the water or bed uf the 
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Aoidre-ftctionor 
inoitip«at. 



Eiatnp1o4 of 
waters neutral 
during; dry 
weather Atid 
acid during 
i»turmB. 



reservoirs due to the presence of peat, stoi*age tends to reduce the initial 
Bciditj, 80 far as may be judged Erom laboratory experiments. 

On nearly all of the giithering grounds there action of the moist peat 
was deteraiined with litmus paper, and an acid re-action was pracvtically 
always obtained. The litmus i>aper was pressed against the moist peat 
with a fragment of heather^ or a small stick or stone, or some other 
tibject found oo the gathering ground, and not with the hand or a 
fi nger» 

In this relation instances may be given of streams which during dry 
weather flow when the spnng water was relatively at its maximum, and 
the peaty water at it« minimum^ were uetUral, but when subsequently 
examined during heavy rainfuli, when the peaty water was at lU 
maximum, were acid. Under the first set of conditions either there 
was no peaty water, or the acidity of the small amount of peaty vrater 
was neutralised by the acid-neutralising ability of the spring water ; 
under the latter set of conditions the acidity of the large body of peaty 
water overcame the acid-neutraliaing ability, if any, of the spring 
water. 

The large catchwater conduib which supplies most of the water to 
Thornton Mt^or Eeservoir was nentral on June 18th, 1895. At this time 
very little peaty water was gaining acceu to the waterworks. On Jnly 3, 
1895, a sample was obtained whioh waB stated to be '* storm water/* This 
water was neutral, and indeed bore little or no resemblance to flood water 
(Exptr. 8, Table 8)« Still another sample was obtained (Jnly 5), and |tn 
this case the water was much discoloured, and appeared indubitably to 
represent storm wat-er. It was found to he strongly acid, and to dissolve 
lead to a very considerable extent (Expt. 9^ TablD 8)» 

On the south-west side of Thornton Moor reservoir there are a number 
of iron pipes which lead water draining from very peaty lai id into the 
reservoir. No wfttor was draining on June 18th, 1695, from this area, so 
instruotions were given to send samples as soon as the firfit flood came. 
The water thua suhseqneiitly obtained was found to be highly acid, and it 
acted etrongly on lead (Expts. 10, 11, 12, 13, Table 8). 

On May 16th, 1896v a sample of water obtained from Dowry Beck during 
dry weather flow was neutral and free tram action on lead. 

On August 3rd, another sample from the name source, but collected 
during high flood, was strongly acid and poBsessed of greui plum ho-«ol vent 
ability rExpts. 7 and 10, Table 18), As illuatrating the severity of 
thunderstorms on moorland gathering grounds, it may be of interest to 
note that on the above occasion I ■ .V2 inches of rain fell in H hours. 

Swinden Brook duiing dry wetither (April 2nd, 18y6) contained traces 
of acid, and had a harety appreciable action on lead. At an earlier date, 
March 27th, 1896, and during flood the same water was found to posaeSB 
distinct acidity and plumbo-solvent ability (Kxpts, 5 and ti, Table v). 

Cant Clottgh Beck on April 2nd, 1896 (dry weather flow), was only 
feebly acid, and acted on lead only to an inconsiderable extent. Pre- 
viously, March 27th, 1896 (flood water) » it had been found to be strongly 
acid and poBBessed of great pi urn bo -sol vent ability (Expta^ 7 and 8, 
Table 9). 

Mossmoor catchwater conduit on October 3rd, 1894, was found to contiun 
neutral water. On the date the peat ** feeders *' were dried up and only 
spring water was reaching the waterworks. A sample subsequently 
obtained (November 7th » 18JH), during a flood was decidedly acid, and it 
acted on lead to a couBiderable extent (Eipt. 5, Table 23). 

Withen's Brook on July 1 0th, 1894 (dry weather flow), was neutral; 
whereas on August 24th, 1894, when the conditions were altered as 
regards the rainfall, it was sensibly acid, and it acted appreciahly on lead 
(Expt. 6, Table 16). 
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Swineshaw Brook on September l*2fcti» 1894 (dry weather flow), wag 
nentral, whereas on November Isfc, 1894 (on this date the ptreams wore 
rtmiiing fhller), it was acid* 

Oaken Clongh on the 14th June 1895 and dnring dronght was nentraL 
Tested subsequently under ordinary conditions of rainfall it was acid. 

On July 25tn, 189*\ and dnring very heavy rainfall^ Black moor foot 
c»tchwater conduit contained a very acid water, and one which acted 
8trt:)ngly on lead. On April let, 1896, and during dry weather flow, the 
water contained in it was only about one -half as acid, and the plumbo- 
aolTent ability wiis reduced about two-thirds (Ejcpts. 2 and 5, Table 13). 

On September 27th, 1894, nearly a!) the feeders supplying Watershed- 
dels Reservoir were noutriU, and this notwithstanding the fact th»t the 
water in the reservoir was di?^tincLly acid. At this period very little 
water, other than spring water, was gaining acceBB to the waterworks. 
On October 28th, 1894. when the feeders oontained a Iftrge amount of 
peaty water, all the atreamg were acid with three exceptions » snd theae 
were atroams containing chiefly foiTuginouii spring water. 

Th^e results are, perhaps, sufficiently numeroyw to indiciite the 
L importance of coodidering the autecedejit rainfall in relation to the 
■ re-action of moorland streams. 

" It has alreikly been supgesteti that many gathering grounds rely 
almost solely for their supply on storm water, and that during drought, 
and possibly even during ordinary couditiona of the rainfall, the level of 
the wat4T in the storage reservoirs rapidly sinks. In other words, the 
supply of water neutral and free from action on lead obtained during 
dry weather is totally inadequate unless supplemented by water 
collected during heavy rains, which water is usiiaUy acid and possessed 

Lof plumbo-Bolveot ability. 
Treatment op Water aboftkd at oertain of the WATERWoaKB 
SURVEYED, AND ITS EFFICIENCY IN HeMOVING AbILITY TO 
Dissolve Lead, 
ri^assiog next to the consideration of the results of ** treatment '* of Effect ot the 
acid waters with a view to removing their pluuibo- sol vent ability, it of^^'JJ^JJi^enr' 
may be said that, as a general rule, the result of several kinds of of th© waters, 
'•treatment** was very successful. Acid moorland waters are very 
amenable to treatment in the above sense. 

Wakefield Corporation Waterworks treat their water, wbicii, previous 
to treatment, is strongly acid and possessed of great pi umbo -solvent 
iftbility, with a solution of sodium carbonate* Five hundred gallons of 
a strong solution of soda (al>out 1 lb, per gallon) are mixed with one 
million gallons of acid water. I'he result is very eatiftfaetory, as the 
water after treatment no longer acts on lend, and is slightly more than 
nentratised. As regards erosion of lead, to be more fully dealt 
wjth in a fulure report, it may be addetl lliat while the ** uutreated ** 
water possesses strong erosive ability, the " treated '* water is not only 
** cured " in this respect, but is f>laeed, ns it were, in a state remote 
from the possession of erosive ability. Ko other form of '* treatment " 
appears to confer this property on a 'water in equal degree. Indeed 
in «ome cases treatment, if it does not actually confer on a water 
erosive power, bringa it nearer the posseiifeion of this quality than 
it was bet ore treatment. There is another advantage in this method, 
namely, that the effects are almost instanlaneouBly produced, atid do 
not depend on the length of time the water is left in contact with 
the neutralising agent- 
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It 13, perbapSj a drawback that the water is oot rendered more clear^ 
but rather the reverBe, as a result of the treatment. Lcf^ soap 
however, rec]iiired to fomi a lather after thaa before treatment. 

At Barnsley the water is filtered, but as the wiiter ie ak'eadjr neutral, 
or wa8 so on July 12, 1895, it i^ unnecessary to HB^y more than that tht5 
filtering material is made up of layers of sand, gritstone, and limeHtone« 

At Sheffield the acid water from the high-level gathering ground ia 
treated with lime (about 2 grains to the gallon) in an apparatus which 
works automatically and thoroughly mixes the lime and water together. 
The "trejited" milky water cJirrying an excess of lime in 8Usi>ension is 
conveyed for a distance of several miles in a channel made for the purpose 
to Hadfield service reservoirs. The result may be considered satisfactory 
as the water is changed from an acid jihimbo- sol vent discoloured water into 
a neutral water, free from lead dissolving power, and bright and clear in 
appearance. It is ** harder " after treatment, which is probably an 
advantage on medical grounds, although less suitable for maQufactiu'ing 
purposes. 

At Rochdale, on the old works, there are two reservoirs. The Upper 
Brownhouse Wham reflervoir is acid, and the water is treated in the 
lower reser\^oir (Hamer paature) with lime by means of boats, the lime 
(whiting, about 1 graiu to 1 gallon) being thrown with scoops on the 
sarface of the water. The water is thus neutralised, and loaes aUo ita 
plumbo-solveut ability* 

On the new works the water is filtered through sand, and enough 
whitiug is added to the woier in the filter beds to cover the sand with 
a thin coating of lima* Here also the results are equally satisfactory. 

At Bradford the water from Thornton Moor reservoir, which is acid 
and dissolves lead, is treated with pure carbonate of lime (about 3 grains 
to the gallon), and is theu filtered through sand and graveL The water 
after treatment is neutral, and no louger dissolves lead. 

At Morley many of the inlet streams lo Withens Clough reservoir Imve 
small filler beds of stone and sand covered with limestone and chalk. 
This arrangement is not as satisfactory in practice as might have been 
anticipated. The beds become speedily coated with vegetable matter, 
and cejisc to counteract the acidity of water passing through them. 
In order to neutralise the body of water in the reser\'oir, slaked lime 
was added Ijj means of rafts. Slaked lirao was also added to water in 
some of the inlet streams. Later soda in soluiiou was added to the 
water in the supply welL Before "treatment " Morley main water 
was acid. Sometime after treatment was in operation, a sample was 
obtained which contaiued only traces of acid. Later, however, the 
main water was found to be more acid than the iii-st sample. Possibly 
the treatment was no longer in operation at thia period. 

Prior to December 1894 no "treatment" of the acid Swinesbaw 

water (Ash ton, Staly bridge, and Dukenfield Watei*works) was ia 
oi>eration. Subsequently the water from Higher Swineshaw, befora 
entering Lower Swineshaw, was treatetl with whiting (about 1^ grains 
to the gallon). On Sq>tember 12, 1894 (t.e^ before ** treatment **), 
Lower Swineshaw reservoir was acid* On September 25, 1895 (i.e,, 
after about uiue months treatment), it was practically neutral, 
Swineshaw water supplies the town of Mossley, and water from the 
mains there was obtained weekly prior to and for a considerable time 
after treatment was in operation. This water gradually changed from 
an acid leail diesolving water to a water practically neutral and tree from 
action on lead. 
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Keighley Corporation Waterworks resort to filtration in the case of 
the highly acid Watt^rsheddels water. The water is iHtcreil through 
cake, then through filter beds containing ground stiodstone, broken 
sandstone, and limestone, and finally through beds of polarite. The 
li^atment is on the whole satisfactory, although the filtered* water 
Aiinetitues contains faint traces of acid and acts very faintly on lead. 
It will be noted that in the Eltera the limestone, which may be regarded 
as the chief neutralising agent, is protected from l>eing coated with slimy 
vegetable matter, as it lies beneath tlje ground sandi*tone. Moreover, 
the grosser particles in the water are removed by preliminary filtration 
through the coke. The beneficial efl^ect, qua plura bo -solvency, of the 
ordinary system of filtration through sand and gmvel which is adopted 
at waterworks in order to free the water from organic impurities was 
also observed at some works. Snch filtration was practised on the 
Bolton, I^eeds, and Nelson Waterworks. It may of itself suiBce to 
remove the whole, or nt least tho greater part, of the lead dissolving 
properties of the un filtered water, in thoae eases in which the acidity of 
the water before filtration is not very pronounced. 

Although the question of ** treatment" is compliealed by the fact 
that a water may have its acidity completely removed and yet bo lefl 
nearer the possession of ** erosive ability '* than it was prior to treatment, 
there can be no doubt that there is no difficulty whatsoever in so 
•* treating " a water as completely to remove its power of dissolving 
lead. Moreover, experiments carried out in the laboratory show that a 
water which has had its power of dissolving lead removed, and which 
has been changed from an acid to a neutral water by ** treatment " does 
not, however long it b© kept, revert to its original acid state, but remains 
permanently neutral and free from pi umbo -sol vent ability. 

Which of the various forms of treatment adopted may be termed the 
begpt is open to question. I incline, however, to the belief that ordinary 
gand-Eltration, with the addition of some neutralising material (c.^., a 
thin coating of lime on the surface of the sand with limestone under- 
nenth the sand) to the filter and the subsequent addition of a tra^e of 
sodium carbonate to the neutral filtered water, is the best method. 
Here filtration* would serve the double purpose of removing impurities 
from the water and rendering it neutral and free from pi umbo- 
solvent ability. The sodium carbonate won hi further place the water 
in a condition remote from the possession of erosi\'e ability. Laboratory 
experiments, at all events, tend to show that this treatment is the most 
efficacious. 

Eiich case must, of course, be judged on ita own merits, and attention 
piiid not on!y to the convenience of manufacturers, who raise great 
objections to any process which hardens the water, but also to the health 
of the inhiibitants. Many me*lical men are very firmly of opinion that 
unless moorland waters are ** hardened ** by means of lime, the health of 
children suffers to a considerable extent. It may be added that 
moorland waters will only take up a very small propf^rtion of carbonate 
of lime, and although slightly hardened by this trea^tment they still 
remain very ** soft ** waters. It will be noted that in a large number 
of Cfwe» the ** hardness** of the various waters was determined. It will 
also be observed that of two waters, the " hardest " was frequently the 
most acid. So that, while it is true that "soft '* waters frequently act 
on lead and are acid, and ** hard" walers seldom posfle«« these qualities, 
it cannot, of course, he said that the ** softer** a water is the greater will 
its acidity and pi umbo -sol vent power be found to be. 

^ Some aathoritiet, ho wever^ object to filtration as removing ^e vegetablt) oiatter 
irltich flight otherwise form a protective coAtiag io the pipes, 
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To illustrate tbe fact, abuDdantlj conBrmcd iu the con 
the surveys, that neutral waters are free from solvent actk 
fead^ and acid tea lets possessed of ptumbo'Sotvcni ahitity 
extent depeodeut cLiefly on the amount of acid, di&gram IJhjis^- 
constructed. Thia liia^ani sIiqwh that Ga earn pics of water 
neutral and free from action on lead ; 29 waters were sligbtl^ 
and dissolved liaces of h^adj and 77 were dLstiuetly acid and 
apprccmbly on lead. As re^aids the latter, the diagram nhowi ^ 
clearly that the greater the acidity, tbe greater is the action oc-- 
likely to 1*0. Here the acidity (retl line) is ai^rauged from the I 
up to the higbe4it amount of observftd acidity, and the pi umbo- ac 
ability (black line) of the corresponding sample of water is given 
will be noted that the relation between tlie two is well marked, bul 
the greater the amount of acidity the more widely does tho cur 
pi umbo- solvency rise above the curve of acidity. That is to say, <»l 
ideate adopted it i» apparent that the red and black lines nin {\t 
together where the waters are only slightly acid, but tliat when 
waters are distinctly acid then the curve of plumbo-solvency rise* < 
tbe cyrve of acidity to a considerable exteul. 

In diagram C the different amounts of acidity of all tbe acid moorliP^* ^ 
waters are arranged in red columns, beginning from the lowest appruciabi^ « i 
amoiint and working up to tbe bigln?st tpiantity of acid. The p\\i\u\H^^ 
solvent ability of tlie curresjmnding samples of water is shown b. 
columns, and where a number of dilii*rent aamples were examii 
containing an equal amount of acid, then the inetm pIumlKJ- 
abiiilg is given. The close rektion existing between the anauuui u 
acid and degree of plumbo-solvency is clearly visible. 

In diagram D tbe percentage variation above and below the ine»fi i 
regards the acidity and plumbo-solvency of CDrresponding samples ' 
water is given. On two occasions tbe acidity was above tbe mean wfc 
the plumbo-solvency was below, and on one occasion tbe plum 
solvency was above the mean when the acidity was less ihaa 
average. In all other cases when ilie acidity was above the avenige« ; 
also was the plumbo-stdvent ability, and when tbe acidity was Mow tb<r^ 
mean the plumbo-solvency fell likewise. On the scale adapted, the 
percentage deviation from tbe mean as regards plumbo-solvency was on 
an average about twice as great as the fx^rccntage deviation from tbi 
mean in the case of the iw*idity. Tbe diagr»im indicates v<*ry clearly 
that not only is there a parallelism l)etweeu the acidity and plnmbd* 
solvent ability of a water (i.e., that a rise or fall above or below tho 
mean as regards the acidity is nearly always coincident with a lise or 
fall above or below the mean as regards the plumbo-solvent ability), but 
also that the iiercentage deviation in each case shows a di-cride^l 
parallelism, allowance being made for the fiK-t that on tbe scale wioptcnl 
the plumbo-aohent ability is about twioe as great as the acidity on an 
averuge. 

To illustrate the fact that neutral waters chiefly correspond to spring 
water, and the Jicid wat<?rs to peaty water, diagram E has been con* 
fltructed. In this diagram it is shown that the sprit^ wniers trert 
neutral niid free from plumbo-sofrent actirm, and that the peaiji trattrM 
were acid and poueutd of ubilitif to disnolve lead. Not all tbe waters 
are here given, but only tho.-ic which appean^d to l>e typical of moorland 
spring waters, and moorland pt3aty watery. Thus many examplea of 
** mixed *' waters are not iucluded, 
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6. The degree of plumbo-6olv«Jicy of a water is chiefly goTerned by 

the amount of its acidity. 
7« Moorland spriug water is^ neatral and often possessed of alight 

acid-DeutralLsing ability. In virtue of this property spring water 

is cotniDonlr capable of neutralising a certain proportion of acid 

peaty water. 

8. Neutral wat^r doei? not dissolve lead to any apprtciahle extent, 

9. iloorland waters, as received iDto storage or ser^'ice reservoire, 

iijiually coiitaLn a mijcture in variable amount of acid peaty water 
and neutral spring water. The re-aciion of the '* miated ** water 
at any given time is determined by the relative amount of peatj^ 
water, and the degree of its acidity im the one hand^ ami by the 
relative amount of spring water, and the degree of Ita acid 
neutralising ability on the other. 

10. Rain water is usually neatral, but on some gathering grounds it ia 

slightly acid. Such acidity, however^ ia quite insuffieieut to 
account for the acidity of moorland waters, 

11. Water draining from rock rich in iron pyrites may be acid and 

act on lead, This^ however, h seemingly not a common cause) 
of acidity of moorland waters. 

12. During dry weather, and especially at the end of a period of dry 

wentber, the water in moorland streams i^ almost invariably 
neutral arid free from plum bo-sol vent ability. 

13. During dry weather the water in moorland strtams consists chiefly 

of spring water: during wet weather the water is chiefly surface 
water dmining from peaty soil. 

14. During storms the water in moorland streams is usually very 

acid and acts strongly on lead. Especially is this the case when^ 
the wet weather succeeds a period of drought, as then the streams ' 
contain the " first washings ** of the peat. 
16. On most moorland gathering grounds there are ureas (particularly 
on the higher and flatter portions of the gathering grounds) 
where tbe rain stagnates in peaty, boggy , and marshy places* 
Such water has always been found to be acid in re-action, 

16. On many gathering grounds a layer of irai>ervious marl underlies 

the beds of peat. This prevents the escape of the rain iu a down- 
ward direction, and bo the water is ** held ** in the peat, or escapes J 
only by slow lateral percolation. Thus the i^eat is always moistyl 
and each successive rainfall washea out of the peat substances I 
formed during the more or less prolonged contact of the water i 
with the peat, rendering the water considerably acid. 

17. The **dry weather How " on most moorland gathering grounds ia 

very small, and is usually quite inadequate to meet the require- 
ments of the town or towns supplied with water. 

18. In such cases, doring a period of drought, the water iu the com* 

pounding reservoirs sinks rapidly to a very low level. 

J 9. When heavy rain comers after drought, millions of gallons of acid 
peaty water are frequently allowed Ut enter the waterworks. 
Indeed the storage reservoirs are constructed for this vei-y 
purpose, namely, to store for iutui-e consumption a vBist bulk of . 
**stoiin *' water, the ordinary flow of the streams being far too' 
small to keep the reservoirs at their proper level. 

20* Thus it not unfrequently happens that, during dry weather, a 
reservoir water is strongly acid, while all or nearly all the 
*' inlet '* streams contain neutral water. In storm time, however, 
these streams contain not only acid water, but the water in 
them i0 usuallv more acid than the reservoir water itself. 
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waters, to acquii-e plumbo-aolvent ability. Study of this sort 
affords the most batishctoiy means of determining how best to 
apply the remedy, or combination of remedies, needed in the 
particular instance. In the ease of proposed new waterworks^ 
this inquir)' indicates the necessity of a careful survey of the 
phyffical characters of the gathering grounds, as well as of 
ascertaining the proportion of spring water to surface water 
at different times of the year and under different conditions of 
rainfall, and of testing the quality of the spring water and its 
power of neutralising acid, and the quality of the surface water, 
especially during wet weather and sudden storms following a 
period of drought. 



